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THERMAL ANALYSIS WORKBOOK

Preface

In support of diverse programs at the Marshall Space Flight Center, the Thermal
Analysis Branch is challenged with a variety of complex problems, related primarily to heat
transfer, mass transport, and thermodynamics. Over the past two decades, analysis of
physical phenomena has migrated toward sophisticated numerical techniques using state-of-
the-art computing systems. As a result of the rapid increase in computing speed and
memory, codes have been developed to fully utilize this resource. These codes are

typically network analyzers which are based upon finite difference or finite element analysis
techniques. These analytical methods have led to detailed understanding of many complex
physical problems. The focus of this document is to provide examples of simple and
complex engineering problems, solved using the codes most commonly used at MSFC.

The motivation for this document is related to several managerial and technical
developments. During the middle and late 1980's, the Marshall Space Flight Center

experienced a massive turn over in engineering personnel; this was due to the lack of hiring
in the 1970's, both at NASA and within the aerospace industry. In the latter part of the
1980's, personnel who had been with the agency during the SATURN/APOLLO era began
to retire, prompting the agency to replace these retirees with younger college graduates.
The influx of inexperienced graduates and the exodus of experienced personnel left many
mid-career level positions vacant and resulted in a number of problems. It became apparent
that management was ill prepared to deal with matters of training, experience transfer, and
rapid career development. Within the engineering disciplines, the change in personnel

created such a discontinuity that the center lost significant analysis and design capability.
This problem did not manifest itself in simple code utilization but in the more important
areas of problem definition, the ability to identify valid engineering assumptions,
imposition of appropriate boundary conditions, interpretation of results, and the use of
problem bounding techniques and hand calculations ("sanity checks").

Many of the examples in this collection include closed-form solutions with which
the numerical solutions are compared. These fundamental closed-form solutions are also

useful for problem bounding, mentioned above. Additionally, several examples axe solved
using more than one numerical technique (also for comparative purposes). Numerical
techniques which are often transparent to the user are illustrated so that the occasional user

will understand the basic assumptions and numerical methods used within the code(s).

Another objective of this work is to provide an avenue by which the experience of
others can be transferred to many entry level employees, simultaneously. This work is part
of a dedicated effort to overcome the effects of the large number of mid-career level
vacancies.

A collection of more complex (hardware-specific) problems is also presented to
illustrate the versatility of the state-of-the-art codes. These examples have been included
because so many of the problems encountered at NASA require innovative analytical
approaches, mustrative examples of conjugate solutions to problems that involve heat and
mass transfer, as well as thermodynamics, are provided. In addition, analogies between
heat and mass transfer are drawn in several examples. Such examples have proven to be
excellent learning tools for beginning code users because they illustrate variable
dependencies and modeling technique.



The codes discussed and used in this work include:

SINDA ........ Systems Improved Numerical Differencing Analyzer
TRASYS ...... Thermal Radiation System Analyzer
ANSYS ....... Finite Element Engineering Analysis System
PATRAN ..... Model Generator;, Pre and Post Processor
SINGEN ...... Model Generator

ABL ........... Thermal Protection System/Ablation Design Code with SINDA
CMA ........... Charring Material Ablation 1-D Code
ACE ........... Aerothermal Chemical Equilibrium Code
MElT .......... Momentum and Energy Integral Technique Code
GASKET ..... Graphite Surface Kinetics Code

The SINDA code, because of its versatility, is emphasized. Physical phenomena which are
considered include conduction, convection, change of phase, oxidation of metals, 1-D

compressible and incompressible flow, choked flow, N-dimensional branching networks,
transient pressurization, conjugate thermal/hydraulic analysis, Joule-Thompson heating,
transient analysis of gas mixture concentrations, venting, ablation modeling, radiation and
grey body exchange, and condensation and frost formation. Specific numerical techniques
include differencing techniques, linearization of radiation terms, enthalpy summation, use
of working arrays (in SINDA), linearization of 1-D flow resistances, choked flow
simulation, convergence techniques for non-linear flow networks, numerical solution of
radiation form factors, and time step/node size sensitivity analysis. Closed-form solutions

are provided for steady state and transient conduction, convection, and radiation problems.
Combined modes of heat transfer are considered. Also included is a closed form solution

for transient concentrations of gas mixtures.

This document begins with simple examples and concludes with more complex
techniques, including an analogy between heat and mass transfer. Later chapters include
more complex extensions of the analysis techniques, as well as the model generation
section. While early examples include detailed descriptions of input formats, the latter

examples concentrate on modeling technique and accurate numerical representation of
specific physical phenomena.

This work is to supplement existing instruction manuals, with specific examples
and detailed illustrations of code usage. Several of these examples will be useful as

learning exercises for entry level engineers. It is hoped that this document, with periodic
additions, will serve as a valuable reference for years to come.
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Introduction

The authors have assumed that the user of this workbook has completed undergraduate
courses including heat and mass transfer, thermodynamics, fluid dynamics, and numerical

analysis. Typically, however, undergraduates are not exposed to network analysis codes
in school. Therefore, while inexperienced users should be familiar with the fundamentals
of physical processes and will have had an exposure to numerical techniques, they can be
overwhelmed by the many codes used to do state-of-the-art engineering analysis. As stated
in the preface, the purpose of this work is to provide a set of examples for use by the
inexperienced, and a set of reference problems illustrating specific techniques used in past
and present analyses. A brief review is given here of some fundamental heat transfer
relationships. These and others will be illustrated in detail in the workbook.

First, the understanding of network analysis can be enhanced through analogies. Given
below is the classical electrical to thermal analogy along with an analogy for one
dimensional flow of fluids.

Variables

Relationships

Energy Storage

Energy Dissipation

Electrical Thermal

v, voltage

C, capacitance

Fluid

i,current /l, rate of heat flow rh, rate of mass flow

T, temperature P, pressure

R, resistance

i=C_

C, (p.VCp),thermal
capacitance

q=C dT
dt

q = _(TI-T2)

C, mass storage with
pressure (gas), or

volume (liquid)
R, resistance to fluid

flow (e.g., pipe,
orifice, etc.) (see

chapter5)

fia_-cdP
dt

(gasstorage)

lh = R_-(PI-P2)I/2

(seechapter5)

Analogies are quite useful in developing fundamental understanding of relationships among
variables. While some concepts appear somewhat abstract such as electrical current and
thermal rate of heat flow, others are easily observed such as rate of mass flow. Therefore,
through analogies, the analyst can develop "feeling" for the more abstract variables,
concepts, and relationships. Analogies will be explored in detail in Chapter 5.

Some fundamental equations used in this work are summarized below, in a simplified
format. These include the three modes of heat lransfer, and storage of latent and sensible
thermal energy.

k
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Conduction:

Thesimplified conduction equation through solids can be written:

qcond = _ ('1"1 - T2)

where: k, thermal conductivity
A, area

x, length

TI, T2, temperann'c at given locations in solid

Convection:

The rate of heat flow to and from fluids and solids can be expressed:

qcond = hc A (Tfluid - Tmrfa,_)

where: he, convective heat transfer coefficient
A, surface area

Tnuid, fluid free stream temperature

Tm.r_.., surface temperature of solid body

The convective heat transfer coefficient is most often empirically derived (based upon
dimensional analysis), depending upon flow regime (continuum, slip, free molecular, etc.),
laminar or turbulent conditions, geometry (spherical, cylindrical, conical, plate, etc.), and
orientation with respect to the flow and with respect to body forces (horizontal versus
vertical, stagnation versus wake, buoyancy induced flow, etc.). Typical correlations take
the following form:

free convection:

he= CkGrnPr m

forced convection:

h_ = C LkRe n Pr m

where: G-r = Grashof No. = g,_L3p2ATB

g2

Pr = Prandtl No. =
k

Re = Reynolds No. = pv.___
_t

C, n, & m = empirically derived constants found in the
literature for specific correlations

Scc theliteraturefordefinitionof terms and ofappropriatecorrelationsmost closely

representingthe geometricand flow conditionsforspecificproblems.
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Radiation:

= ("d,.,.,,.,,-

where: c = emissivity

a = Stefan-Boltzmann constant

A = surface area

F -- geometric form factor

Parameters which affect thermal radiation include the following:

surface properties:

• reflectivity (p), the ratio of reflected to incident radiation

• absorptivity (a), the ratio of absorbed to incident radiation

• transmissivity (x), the ratio of transmitted to incident radiation

*p+a+x=l

For most materials, thicknesses, and use temperatures:

• x = 0, and a = E, where e = emissivity

where : emissivity (e) = ratio of the emissive power of any surface to that

of a black body surface (a = 1) of equal

temperature

geometric form factors:

• form factors account for the geometric view from one surface to another

• the geometric view that A 1 has ofA 2 is denoted F1. 2

where:

Stored Thermal Energy:

qstored = pVCp d_t

FI_ 2 - f(A1,A2, l/D1_ 2)

A 1 F1. 2 = A 2 F2.1

where: p, density
V, volume

Cp, specific heat

d_-tT, change in with to timetemperature respect

v



Combining many of these mathematical descriptions of physical phenomena in a transient
analysis is the function of network analyzers. Consider the simple energy balance
illustrated below.

Source

_l _'__,,i Tsin_k-(Ra_ati°n'lISink) Fluid T fluid

\ \ I COc:=t_

Constant Temperature
Cold Plate

An R-C network of thisproblem can be drawn as follows.

Tsink Tfluid

c_

O_dT_/c_

i Tpl_

vi



The mathematical representation is:

q + Geonv (Ttluid'Tx) + G_nd (Tplate-Tx) + Grad (Tsi_-Tx) = pVxCp &d_

where: q = source heat flux
Gconv = h_ A

Gcond = kA
X

Gr_ = EGAF( _ir_ + T_x)( rsinR + rx)
(Note: linearization of radiation conductors will be discussed

at length in chapter 2)

The equation can be written in a differencing format as follows (differencing techniques
will be discussed at length in chapter two).

let: dT _ (T'x - Tx)

dt At

where:
!

Tx = new temperature at time t + At
Tx = old temperature at time t

At = time step

then:
/ t

Tx)
q + Gconv (Tfluid-Tx) + Geond (Tpla,--Tx) + Grad (Tsi_-Tx)= pVxCp [Tx"

At

Thermal analyzers solve this energy balance (a form of the diffusion equation) at each time
step. For multi-node problems, simultaneous equations are solved with a heat balance
applied to each node at each time step. This workbook will explore in detail the various
modes of heat transfer and energy storage, and mathematical representations of these
phenomena in thermal network analyzers. Analogies will also be developed and explored
m detail. A discussion in Section 1-8 will show relationships between node size and time
step for stable solutions. This deals with modeling technique required to obtain accurate
results. Other sections show specific problems and specialized codes used by the Thermal
Analysis Branch.

An area not explicitly discussed in the workbook relates to documentation of results. The
format used here for the example problems provides an excellent framework for future

reference. The problems are clearly stated, all information that is given is shown along
with a statement of all assumptions and boundary conditions required for the analysis. The
modeling technique is described in some detail, and the results of the analysis are given
with all necessary supporting comments. The detailed description of input decks and
listings will not normally be required for documentation of engineering studies, but are

included here to aid in the learning process. Documentation of results is as important as the
analysis itself. The analyst should be very clear about assumptions required for an
analysis, so that management can participate in determining the applicability of results to
physical problems, and can make appropriate programmatic decisions.

vii



Theseexamplesshouldprovide both a learning tool (self-teaching! and a reference book for
thermal analysts at MSFC, and potentially the contractor commumty. The authors consider
this workbook to be a living document that can be expanded and improved with new
techniques and clearer examples. We welcome any additional examples that the reader
thinks would increase the workbook's usefulness. Please send your example problems,

comments, and suggestions to:

Thermal Analysis Workbook
c/o James W. Owen

Mail Stop: ED64
NASA/MSFC

Marshall Space Flight Center, AL 35812
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CHAPTER1SECTION1: STEADYSTATECONDUCTIONWTI'HCONVECTION

moving fluid @ -20"C

h= 100 W/sq.m-*C

Schematic of semi-infinite wall which

separates fluid flows of differing temperatures

CHAPTER 1 SECTION 2: TRANSIENT CONDUCTION WITH CONVECTION

fluid flow @ -20 C

h = 100 W/sq.m C

/

P

0.30 m

_ni-infinit_ wall

fluid flow @ -20 C

1
\

h= 100 W/sq.m C

Homogeneous, semi-finite plane wall with convective
heat transfer on opposing faces

xii
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CHAPTER 1 SECTION 3: STEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

T=32 *F

T.,a, = 70 *F

D=0.167 ft

L=2ft

/
/
/
/
/
/

/

: T=212 °F

Schematic of Circular Rod Connected to Wails at Different Temperatures

CHAPTER 1 SECTION 4: STEADY STATE CONDUCTION WITH CONVECTION

One eighth segment of a 40 x 10mm homogeneous ring

_I= 100J/s_
kumheion

h = 0.6532Tm. + 188.06

To = -200*C

Schematic of ring segment showing insulated end "panels".
Heat flux per unit of exposed surface area is constant and uniform.
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CHAPTERI SECTION5: TRANSIENT CONDUCTION WITH CONVECTION

10mm

One eighth segment of a 40 x 10 mm homogeneous ring

.insul_ion ._N% h = 0.6532Tram + 188.06

T, =- 200"C

TO= - 150"(2

= lOOJ/_
insulation

Schematic of ring segment showing insulated end "panels".
Heat flux per unit of exposed surface area is constant and uniform
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MULTIPLE MATERIAL BODY

h=0.0624 in

Tair = 70.OOF

Tgas=3575.0°R

Air Velocity = 65.0 fl/s

D=O.04 in.

A ground junction thermocouple

CHAPTER 1 SECTION 7: SSME HPTOP FIRST DISC SEAL PILOT RIB CRACKING
THERMAL ANALYSIS

HPOTP FIRST STAGE TURBINE DISC

DISC CROSS SECTION

CRACK SEAL PILOT RIB /CRACK

DEPTH \ /

CURVIC 0.003TO0.020 OUTER \ / _ \ 1

MATERIAL: _ _ _/'/ /_ ,__
GOLD __-'Y /--_"0 v ,¢
PLATED / _ /'_,.\S"
WASPALOY INNER CURVIC ,_ ,_an"__ x_

•v,_,,_,,..u_,_,,_ 0.030 R _ " BLADE

FIRTREE
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CHAPTER 1 SECTION 8: TIME STEP / NODE SIZE SENSITIVITY

T(0.t)=Ts

T(x,0)=Ti
/

/

/

/
/

Adiabatic will

v

Schematic of semi-inf'mite wall, insulated on

ones side with high heat flux imposed on the other surface.

CHAPTER 2 SECTION 1: TRANSIENT RADIATION HEAT TRANSFER

4'>
4'>
4,> 10o BOXAT

NI./

>

>

>

)Tsink = - 320 *F

>

Schematic of 100 Ibm box wrapped in MLI

CHAtrI'ER 2 SECTION 2: GREYBODY RADIATION BETWEEN SURFACES

RADIATION SHAPE FACTORS, ORBITAL HEATING
RATES

6

Figure 1. Spac_'raft Description

_._ Sun

Figure 2. Orbit Description

xvi



CHAPTER 2 SECTION 3: TRANSIENT RADIATION WITH CONVECTION,
LINEARIZATION OF NON-LINEAR TERMS,

DIFFERENCING TECHNIQUES

= 1 ; emissivity= 0.8

'urr=320k_ 1 ' /

h= 1 Btulsq.ft hr0.1 ft
F

T(t=O)= 300F

Flow through a pre-heated tank which radiates to its surroundings

CHAPTER 2 SECTION 4: TRASYS MODEL EXAMPLE OF SPACE

TRANSPORTATION (STS) PRE-LAUNCH MODEL

.m

m

J

m
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CHAPTER 3 SEC17ON 1: PHASE CHANGE OF A METAL

q

/
nl

n2

ooo

rl m

One Dimensional Node Stack

CHAPTER 3 SECTION 2:

q frimo_

OXIDATION CHARACTERISTICS OF METALS

q c_._uuan CTI> 2600"F)

Boundary Con_tion

(Rolling Path Tempen,m_)

One-Dimensional Network
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CHAPTER 3 SECTION 3: CONDENSATION AND FROST FORMATION ON THE
EXTERNAL TANK

tank insu]ation TmkT

_ -_y

T©ryo _v

_ "_k Qrad grad

TsrM
tankwall

Tamb

Schematic of heat flow into tank foam and wall

CHAPTER 4 SECTION 1: SIZING OF SPACECRAFT HEATER ELEMENTS

ta_¢l_
t*ak
$$$
• (-'so r)

$_e,f ---/ / ........... / ",'®')
neato" ---_ _ Stru: /

• I-" lo _':
601

¢enl_ct_r

Thermal control using resistive heaters

CHAPTER 4 SECTION 2: THERMAL MATH MODEL MANIPULATION

No Schematic Available
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CHAPTER 4 SECTION 3: SIMPLIFIED SPACECRAFT IN VARIOUS EARTH
ORBITS

ORBIT
ALTITUDE 180* PATH

BETA

TOSUN
270 °

TO SUN

ORBIT

PLANE,

SIDE VIEW OF PLANET

0 ©

TOP VIEW OF PLANET

TRUE

ANOMAL_f

IV
I

PLANET

III

TO SUN P-

¥

PLANET ORIENTED SUN ORIENTED
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CHAPTER 5 SECTION 1: INCOMPRESSIBLE / COMPRESSIBLE 1-D FLOW

6.0 in.

q

0.5 in.diL

200 psm 14.7psi-

0.5 in.diL 0.5 in.diL

._ 6.0 in. _._._
0.5in.diL

600 psia 200 psi,,

0.5 in.diL O_ in.diL

ooo0.5 in. dia.

400 l_it 14.7 l_ia

0.5 in. diL 0.5 ill. dil.

Schematics of 1-D fluid network
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CHAFIER 5SECTION2: TRANSIENT(ISOTHERMAL)PRESSURIZATION

Volm'ne = 4.0 cu.ft.

600 psi_ 200
Orif'¢c DiL = 0.5 in.

4 Pl_._s

Schematic of one dimensional tank pressurization

CHAPTER 5 SECTION 3: THERMAL / HYDRAULIC NETWORK ANALYSIS

I
I

,"r'

r i ]
9_ il_l_ lle ille_13 _

I J

Ikttx l_llx

31

Simplified Fluid Model During Prelaunch
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Introduction to Chapter 1

Steady State ond Transient (_onduction with Convection

Chapter one is intended to provide introductory examples illustrating simple heat transfer
problems. The heat transfer modes of conduction and convection (because they can be
described as linear functions of temperature) are included. Detailed descriptions of input
decks are given, to initiate the inexperienced code user. In each example, closed-form
solutions are developed or presented without derivation. In all cases, the numerical
solutions are compared to the exact solutions. Both steady state and transient analyses are
shown.

Section 3 of this chapter illustrates several analytical techniques including finite volume,
finite difference, and the finite element methods. The results of these numerical methods

are compared to a closed-form solution. This comparison of techniques is considered to be
a valuable exercise for both experienced and inexperienced analysts.

Section 8 is included to illustrate thermal modeling techniques required to capture transients
and temperature gradients accurately. Specifically, relationships between grid size and time
step are explored. Also, implicit and explicit time step constraints are discussed. An
approach for estimating acceptable time steps is developed. A closed form solution is given
and example network analysis schemes are compared to an exact solution. This chapter is
an important addition to volume one as it deals with subtle issues of modeling physical
systems which are exposed to severe loads or transients.

Finally, the beginning code user is advised to examine the closed- form solutions, at some
length. Many engineering problems lend themselves to rough "order-of-magnitude"
calculations via these techniques. The analyst (through use of hand calculations) can
develop an intuitive feeling for the reasonableness of results, for the more complex multi-
node network analyses, required for detailed prediction of results.
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CHAPTER 1: STEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 1: Steady State Conduction with Convection

ANALYSIS CODE: SINDA (Gaski Version)

I. Identification of the Problem:

A. Statement of the Problem:

Consider a homogeneous, semi-infinite wall which is 0.3 m thick. The thermal
conductivity, k, of the wall is 1.4W/m°C. Fluid flows over opposite faces of the
wall such that the convective heat transfer coefficient, h, is 100W/sq.m°C, for both
faces, and may be assumed constant. The free-stream temperatures of fluid flowing
over the left and right faces of the wall are -20°C and 20°C, respectively. Determine
the steady state temperature distribution through the wall.

moving fluid @ -20°C

h=100 W/sq.m-°C

semi-infinite wall

,.....--.---
h=lOOW/sq.m°C

-.-0.3m--_

moving fluid @ 20°C

k= 1.4W/m-°C

Figure 1. Schematic of semi-infinite wall which
separates fluid flows of differing temperatures
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B. Schematic:

II.

moving fluid @ -2(TC

Tf,! Ts_

TL2

moving fluid @ 20°C

k= 1.4 W/m-°C

h=100 W/sq.m-°C

Figure 2. Schematic of semi-infinite wall showing temperature distribution
for a homogeneous wall of uniform cross section with no internal heat generation

C. Given:

1..Wall has constant cross-sectional area and is homogeneous.

2. Tf, l= -20°C; Tf.2= 20°C.

3. hi= h2= 100W/m 2 °C.
4. k= 1.4W/m°C.

D. Find:

1. Steady state temperature distribution across the wall.

Formulation of the Problem:

A. Simplifying Assumptions:

1. Constant thermal conductivity; we are given that the wall is a homogeneous

solid; subsequently, the assumption that k remains constant is reasonable.
2. Constant convective heat transfer coefficient, h.

3. Steady state, one-dimensional heat transfer through the wall.
4. No internal heat generation.

B. Initial/Boundary Conditions:

1. Initial conditions have no real significance as the problem involves a steady state

analysis.
2. The only boundary conditions given are those which apply to the free-stream,

namely

Tf, l = T(-_) = -20°C
and

1-1-2



C •

Tf,2 = T(+oo) = 20°C

D-iscretization:

As is the case with most problems analyzed using SINDA, it is important to realize
that there are most often several ways to discretize the model, each of which may be
entirely correct. For the problem at hand, the analysis is performed assuming
steady state heat transfer. The wall is modeled using three diffusion nodes, two
arithmetic nodes, and two boundary nodes, as shown in Figure 3.

Boundary Node

\

Arithmetic Nodes

o'_undary Node

sion Nodes

 0.3m 

Figure 3. Definition of node types and locations.

Recall that diffusion nodes have finite thermal capacitance and, therefore, do not

react instantly to the loss or addition of heat. Conversely, arithmetic nodes placed
on the exposed surfaces of the wall, have no capacitance and respond to the loss or
addition of heat, without delay. For a steady state analysis, all surface and interior

nodes could have been defined as arithmetic nodes because capacitance is of no
consequence. The use of diffusion nodes, however, facillitates a change to a
transient analysis, thereby adding some degree of flexibility to the model. The
boundary nodes, by definition, have infinite capacitance and maintain temperature
regardless of how much heat is transferred to (or from) them. For this case, the

fluid streams are assumed to flow at constant temperature; therefore, boundary
nodes have been placed to either side of the wall. The total number of nodes used

to model the problem is seven and the nodes are labeled as shown in Figure 4.
Numeric labels are assigned quite arbitrarily, with exception to the fact that negative
node labels always imply boundary nodes.
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I

I
-98® 5 25

_01 _5 2_ ®-99

I

I

I

Figure 4. Definition of node labels.
Negative signs indicate boundary nodes.

III. Analysis:

A. The Input Deck:

This section is included to explain how information given in the statement of the
problem is conveyed to SINDA and to present a corresponding input deck. The
input deck provided on the following page is a "Gaski" SINDA deck, Gaski being a
popular version of the code developed by Mr. J.D. Gaski. The input deck
comprises nine major "blocks" or parts; these include, 1) the title block, 2) the
node data block, 3) the conductor data block, 4) the constants data block, 5) the

array data block, 6) the execution block, 7) the "variables 1" block, 8) the
"variables 2" block, and 9) the output block. All Gaski SINDA blocks begin with
the letters, "BCD" followed by a single space and the digit, 3. The block

designation follows the digit and there is no space between the two. Letters,
"BCD" appear in columns eight through 10.

The title block is always required and contains information about the type of
analysis to be performed. In this case, a thermal analysis is performed and the
word, "thermal" follows the number, 3, in line one. The thermal qualifier, LPCS,

determines the pseudo compute sequence constructed by SINDA's pre-processor.
Line two is an end-statement and must be used at the close of all blocks.

THE NODE DATA block conveys information about the nodes, or "lumped
masses", which the user has defined. There are typically three entries in each line
of this block. The first entry is the label, or name, associated with a particular
node. The second entry is the initial temperature of the node and the third defines
the thermal capacitance of the node. Node label assignments are completely
arbitrary, with exception to the fact that boundary nodes always bear negative labels
and are usually defined after any arithmetic and/or diffusion nodes. Initial
temperatures are floating point values and may have any associated units the user
desires, provided the same units are used when calculating conductances and
capacitances. Thermal capacitances are also floating point field entries and are
calculated in accord with equation 1.
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BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

3THERMAL LPCS

3NODE DATA

5, i0.0,-i.0

25,10.0,-I.0

i0,i0.0, i.0

15,10.0,1.0

20,10.0,1.0

-98, -20.0, 0.0

-99,20.0,0.0

3CONDUCTOR DATA

598,5,98,100.0

2599,25,99,100.0

510,5,10,28.0

1015,10,15,14.0

1520,15,20,14.0

2025,20,25,28.0

3CONSTANTS DATA

NLOOP-500

DRLXCA-0.010

ARLXCAz0.010

NDIMzI000

3ARRAY DATA

3EXECUTION

STDSTL

3VARIABLES 1

3VARIABLES 2

3OUTPUT CALLS

CALL TPRINT

3END OF DATA

SINDA INPUT LISTING
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Ci = riViCpi (1)

Because the present an'alysis is steady state, thermal capacitances have no real
significance. Hence, the capacitances of all diffusion nodes have been arbitrarily
assigned a value of one (as the value, here, is meaningless anyway). Values for the
capacitances of the boundary nodes have been inserted only to fill the field; SINDA

neglects boundary node capacitances because they are assumed infinite. Diffusion
nodes have been numbered 10, 15, and 20 whereas the two boundary nodes have
been numbered 98 and 99. Arithmetic nodes (2) are numbered 5 and 25.

Arithmetic nodes are signified by negative thermal capacitance.

The CONDUCTOR DATA block defines the interrelationship between the nodes.

There are typically four entries in each line of this block, the first of which is a user
defined conductor label. The second and third entries determine which two nodes

are connected by the designated conductor. The final entry denotes conductance,
given by kA/L for "conduction conductors" and hA for "convection conductors."
For the case at hand, the wall is semi-infinite; hence a unit of area has been

assuraed such that A=lm 2.

The CONSTANTS DATA block contains information which, in general, controls
execution of the code. While there are cases where several control constants are

necessary, many problems require specification of only three or four constants.
For this problem, only four constants have been identified; these include NLOOP,
DRLXCA, ARLXCA, and NDIM. The leading constant, NLOOP, determines the

maximum number of iterative loops allowed in the course of the solution.
DRLXCA and ARLXCA denote permissible relaxations on the diffusion and
arithmetic nodes. NDIM is a special constant which is used to set the amount of

dynamic storage space. The user is directed to the Gaski SINDA users manual for
further information regarding these and other control constants used by SINDA.

Solving the given problem really does not warrant use of the ARRAY or
VARIABLES blocks; these, however, must be included, whether they convey
information or not. Furthermore, the blocks must appear in the indicated order.

Failure to include or properly order any of the blocks will result in a fatal error
message upon executing the program.

The EXECUTION block contains information that directly controls program

execution. It is most often used to identify the type of analysis to be performed,
using avilable data. The STDSTL selection corresponds to a steady state analysis
and must be used with an LPCS thermal qualifier in the title block.

The OUTPUT CALLS block contains information which determines what

parameters are to be printed. Only the steady state nodal temperatures are of interest
in the present analysis. The subroutine, TPRINT, accomplishes the objective and
prints only the nodal temperatures. The letter, F, which preceds the call for
TPRINT, merely indicates (to SINDA) that the line to follow is a FORTRAN
statement and must be handled/translated accordingly.

Finally, it should be noted that all Gaski input decks are closed with a line which
reads, "END OF DATA," followed by a carriage return at the end of the line.
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IV. Presentation and Discussion of Results:

A. Presentation of Results:

Results obtained from SINDA are given on the following page. All nodal
temperatures are output in degrees Celsius.

According to information given in the output file, the temperature distribution
across the wall is linear, as shown in Figure 5. The free stream temperatures have
been conserved (as one would expect) and the two surface temperatures appear to
be reasonable.

I/-12.19°c
-20°C

,_-0.3m-_

f - 20°C
18.29°C

_'_x

Figure 5. Predicted temperature distribution across the wall

B. Generation of an Alternative Solution:

In order to check the preceding results, we may choose to develop a classical
solution to the problem. More often than not, a rigorous closed-form solution
cannot be obtained; in this case, however, an exact solution is possible. We can
model the system using the equivalent circuit of Figure 6.

1/hi L/k

 -03m- 
• Figure 6. Representation using an equivalent circuit

1/h 2
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SINDA OUTPUT LISTING

IC) COPYRIGHT 19|2.1913,1%|4,1%|5,19|6,1517 J.D.GASKI SINDA/19$?ANSI 1.31 METW(N_

"'* NOTE "'" STDSTL REQUIRES i0 DYNAMIC STORAGE LOCATIONS OUT OF 9|?

TIME- 0.00000E+00, DTIMEU- 0.00000E+00, CSGMIM( 0)- 0.00000E+O0, ATI_CC| 0)- 0.00000E+00
DOOP CT- 0 ARLXCC l 0)- 0. 00000E+O0

+ ° SENGI)_- 1.00000E+03, ZNGBAL---2.00000E+03

T 10 - 10.0000 T 15 - 10.0000 T 20 - 10.0000 T 5 - 10.0000 T 25 - 10.0000 T

T 99 - 20,0000 T

STDSTL RUN. ARLXCA- 0.10000Z-01, BALE/k?,- 0.10000E+31, ErJ/ODE,- 0.S0000'_+30, NIDCP- 500

"'" NOTE "'" RELAXATION CRITERIA _ BEEN MET WITH LOOPCT - 9

ENGBAL - 0.186157 AT LOOPCT - %

*'* NOTE **" SYSTE/_ ENERGY _LAMCZ CRITERIA HAS BEEN AT, EMGE_.L - 0.186157 LOOPCT - 9

EBNODE( I0)- 0.13%282 AT LOOPCT- 9

*'" NOTE *** NODAL ENERGY mAIJEMCE CRITERIA HAJ BEEN _T, _BHOOE( I0)- 0.139282 , LOOPCT - 9

TIME- 0.00000E+00, DTIMEU- 0.00000E+00. CSGMIN( 0)- 0.00000E+00, AT_PCC( 0)- 0.00000E+00, DTMPCC(
I/XADCT - 9 , ARLXCC ( 5)- 2 .0446|E-03, DRLXCC (

+ SENGIN- 1.707B6E+02, ENGBAL- 1.86157E-01

T I0 - -12.2011 T 15 - -0.0054 T 20 - 12.]926 T 5 - -18.2940 T 25 - 18.2921 T

T 99 - 20. 0000 T

98 - -20.0000

0)- 0.00000E+00
I0)- 9.39941E-03

98 - -20.0000
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Recognizing that qcow(in)=qcon d =qconv(OUt), we may write

qx _

Tf,2 - Ts,2 = Ts,2 - Ts,: = TsA - TfA

or

=Tf,2-Tf,1 where Rtotal=-l-+L+ -]--qx
Rtotal h2 k hl

The total equivalant resistance is

Rtotal 1 0.3m + 1
-(100W/m2OC) + (1.4W/mOC) (100W/m2°C)

m2OC
= 0.234

W

from which

qx = [(20+20))°C]W = 170.7W/m 2
0.234 m2°C

Because qcon,,(in) = qx, we may now write

170.7W/m2O C _ Tf,2 - Ts,2 = 20°C - Ts,2

Solving for Ts, 2 gives Ts,2 = 18.29 °C. Similarly,

TsA- (-20°C)

170"7W/m2°C = (100W1/m2OC)

from which Tso= -18.29 °C.

We now have the surface temperatures on both sides of the wall and can show that
these values compare well with those predicted by SINDA. We have yet to show.
however, that the temperature distribution in the wall is linear. Beginning with
Fourier's heat equation, we have

Q=kA{dd_xT-) or q-Q=k_ (2)

For steady state conditions, q = constant. Therefore taking the derivative wtth
respec t to x, of both sides of equation 2 gives
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dx

Integratingtwice,with respectto x, yields

T(x) =Czx + C2

Substitution of the boundary
18.29°C, into equation 3 gives

C2 = - 18.29°C

and

conditions, T(0)-

18.29°C + 18.29°C
C1 = = 122°C/m

0.3m

and equation 3 then becomes

-18.29 °C and

(3)

T(x=0.3m)--

T(x) = 122x- 18.29

Thus, the temperature distribution is indeed linear and the temperature at the mid-
plane is zero. We are led to conclude, for the example considered that SINDA
produces satisfactory results. A graphical comparison between the numerical
(SINDA) and exact solutions is made in Figure 7, from which it may be seen that

thetwo arc inagreement.

o_

20

15

10

5

0

-5

-10

-15

-20

Steady State Temperature Distribution
Across A Plane, Homogenous Wall

.... I .... I .... I ........ I ....! i i .....
_ [........ -----O---SINDASolution I........................

........ _Exaet Solution .............i................. i..................

"_ _ t p I .... I .... I .... I .... I , , _ _

0 0.05 0.1 0.15 0.2 0.25 0.3

X, Meters

Figure 7. Comparison of results obtained using SINDA analyzer
with those obtained from the exact solution to the problem.
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VI.

Closing Comments:

None

References:

A. Incropera, F.P. and DeWitt, D.P.; Fundamentalts of Heat Transfer; Copyright
1981 by John Wiely and Sons; New York; PP 66-68
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CHAPTER 1: STEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 2: - Transient Conduction through a Homogeneous, Semi-infinite
Plane Wall with Convection on Two Sides

ANALYSIS CODE: SINDA (Gaski Version)

I. Identification of the Problem:

A. Statement of the Problem:

Consider a homogeneous, semi-infinite, plane wall of constant thickness. The
thickness of the wall is 0.30 m and the initial temperature of the wall is 20 °C.
Fluid flows over the opposite faces of the wall such that the convective heat u'ansfer

coefficient, h, is 100 W/m2"C. Given that the thermal conductivity, k, of the wall is
1.4 W/m°C and that the product of density and specific heat is

pCp = 6070 W/m3°C

determine the temperature distribution across the wall after 15 sec.

B. Schematic:

fluid flow @ -20 C

/
/

J

h = 100 W/sq.m C

/

v

0.30 m

semi-infinite wall

initial temp = 20 C
fluid flow @ -20 C

\

\
h = 100 W/sq.m C

°

Figure 1. Homogeneous, semi-f'mite plane wall with convective heat transfer on
opposing faces
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II.

C. Given:

.

2.
3.
4.

5.

Wall is homogeneous (i.e. has uniform th_'mophysical propemes)
h = 100 W/m2°C _ constant
Thickness of wall is constant; L = 0.30 m

Uniform initial temperature distribution; T(x,0) = 20 °C

Constant free-stream temperature; T(i-**,t)= -20°C

D. Find:

1. Temperature distribution in the wall after 15 sec; T(x,t) where t = 15 sec

Formulation of the Problem:

A. Simplifying Assumptions:

.

2.
3.

°

Constant thermophysical properties of the wall
Uniform initial temperature of the wall
A symmetrical temperature profile about the centerline Because the initial
temperatm'c distribution is uniform and the two fluid streams are at the same
temperature, we may assume no heat flux at the center plane and analyze
only half of the wall (because the temperature diswibution will be symmetric
about the center)
No internal heat generation

B. Initial/Boundary Conditions:

.

2.

The one initial condition defines the starting temperature of the wall;
T(x,0) = 20 °C
Two boundary conditions apply to one-half of the wall. The extreme left-
hand face of the section, shown in Figure 2, is considered as an adiabatic

boundary; hence, the In'st boundary condition becomes ci (x--0,t) = 0. The
second condition considers the free stream temperature as a constant -20 °C.

adiabatic boundary

\

X

\

\

free surface

/
Figure 2. Half-section of a semi-infinite plane wall showing

adiabatic and free surfaces
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III.

C: Discretization:

While development of a closed-form solution to the present example is a great deal
more difficult than for the preying problem, it shall be demonstrated that the
SINDA model is no more difficult to build. Again, there are many number of
(correct) ways to discretize the model. In this case, the half-section of the wall is
represented using five diffusion nodes and two arithmetic nodes, located as shown

in Figure 3. Five nodes have been so chosen to provide enough nodes to give a

reasonably smooth temperature distribution without undue complexity or
computauon time. The adiabatic boundary is easily modeled by assuming no
conductance between node 35 and the other half-section of the wall. A single
boundary node represents the flowing fluid to the right of the half-section.

Analysis:

A. The Input Deck:

The input deck is presented is attached. Each of the five diffusion nodes has the
same mass and thermal capacitance; similarly, initial nodal temperatures are equal.
Arithmetic nodes have been defined at the center plane and a_ the exposed surface of
the wall. By definition, these nodes have no thermal capacitance and respond
instantly to heat addition or loss. Arithmetic nodes have been so chosen to obtain

the tern .peratures at the adiabatic boundary and at the free surface. In all cases,
convecuon and conduction conductances have been computed on a "per unit of

area" basis. Since the wall is infinite in the y-direction, this (practice) is correct and
quite common.

Three constants have been defined in the CONSTANTS data block, the first two of

which are TIMEND and OUTPUT. The value of TIMEND simply limits the real-
time duration of the transient analysis. The value of TIMEND has been set to 15
seconds as we are interested only in the transient temperature rise in the wall and the
temperature distribution after 15 seconds. The control constant, OUTPUT = 1,
prompts SINDA to print the desired information (nodal temperatures in this case)

\

\ I X

35

for every second.

30 25 20 15

I I I I

I I I I

10

v

5 99

®

0.03m

0.15m

Figure 3. Nodal layout of the SINDA model
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SINDA INPUT LISTING

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

3THER_4AL LPCS

3NODE DATA

i0,20.,182.1

15,20.,182.1

20,20.,182.1

25,20.,182.1

30,20.,182.1

5,20.,-1.0

35,20.,-1.0

-99,-20.,0.0

3CONDUCTOR DATA

510,5,10,93.33

1015,10,15,46.67

1520,15,20,46.67

2025,20,25,46.67

2530,25,30,46.67

3035,30,35,93.33

599,5,99,100.00

3CONSTANTS DATA

TIMEND-15.,OUTPDT=I.

NDIMfSO0

3ARRAY DATA

3EXECUTION

SNFRDL

3VARIABLES 1

3VARIABLES 2

BCD 3OUTPUT CALLS

CALL TPRINT

END

BCD 3END OF DATA

1-2-4



IV. Presentation and Discussion of Results:

Ao Presentation of Results:

Results obtained from SINDA are given on the following pages. The seven nodal

temperatures are printed in degrees Celsius. Transient temperature distribution for
times 0, 5, 10, and 15 seconds are shown in Figure 4.
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SINDA OUTPUT LISTING

|C) COPYRIGHT 19112,19113. 1904,19115,19116,19117 J.D._KI ST_A/19117/ANSI 1.31 NETNOR_ AMA_YSI$ ASSOCIATES, INC. - PAGE

"*" b_OTE .t* SNlrRDL REQUIRES 13 DYNAMIC 5TOR_T_ LOCATIONS OUT OF 405 AVAILABLE .*t
TIMENI>- 13.000 , CSGTAC- 1.0000 , DTI_¢I-0.00000 , NLO(]P- 10

TIMEO - 0.00000 o OUTPUT- 1.0000 , DTINEM- 0.100000+09, DTIM_IP 0.00000

ARLXCA- 0.10000 , ATMBCA-- 0.100001÷09, DRLXCA- 0.00000 , DTMPCA- 0.100001+09

TZ_- 0.00000E+00, DTII(EU- 0.000001+00, CSGMIN( 0)- 0.00000E+00, ATI_CC( 0)- 0.00000Z+00, DTMPCC(

IZX)PCT- 0 , A_IJ(CC( 0)- O,00000Z+00. DRLXCC(

T 10 - 20.0000 T 13 - 20.0000 T 20 -- 20.0000 T 25 - 20.0000 T 30 - 20.0000 T

T 35 - 20.0000 T 99 - -20.0000 T

TII_- 1.00000E+00, DTlP4_U- 1.00000E+00, CSGMIN( 30)- 1.300711+00, ATN?CC( 5)_2.069001+01° DTMPCC(
LOOPCT- 2 , ARLXCC( 3)- 0.00000E+00, DRLXCC(

T 10 - 20.0000 T 15 - 20.0000 T 20 - 20.0000 T 23 - 20.0000 T 30 - 20.0000 T

T 35 - 20.0000 T 99 - -20.0000 T

TIE_- 2.000001+00° DTI_U" 1.00000Z+00o CSGNIN( 30)" 1.300711+00, ATMPCC( 5)_5.119141+00, DTHPCC(

I_3GPCT- 2 , ARLXCC( 5}" 0.000001+00, DRLXCC(

T 10 - 9.3960 T 15 - 20.0000 T 20 " 20.0000 T 25 - 20.0000 T 30 " 20.0000 T

T 35 - 20.0000 T 99 - -20.0000 T

TIHE- 3.000001+00, DTZMEU- 1.000001+00, C_GNZN( 30)- 1.300711+00, ATMPCC( 5)_2.450071+00, DTMPCC(

LDOPCT- 2 , ARLXCC( 5)- 0.00000E+00, DItLXCC(

T 10 - 4.3207 T 15 - 17.2023 T 20 - 20.0000 T 25 - 20.0000 T 30 - 20.0000 T

T 35 - 20.0000 T 99 - -20.0000 T

TZ_- 4.000001+00, DTZMEU- 1.000001+00, CSGMZN( 30)- 1.300711+00, AT_gPCC( 5)_1.50595E+00, DTMPCC(
LOOPCT- 2 , ARLXCC( 5)- 0.00000E+00, DRLXCC(

T 10 - 1.1952 T 15 - 14.6569 T 20 - 19.3035 T 25 - 20.0000 T 30 - 20.0000 T

T 35 - 20.0000 T 99 - -20.0000 T

oeet..ettttll.tlt

TIHE- 5.000001+00, DTIHEU- 1.00000Z+00, CSGMIN ( 30)-- 1.300711+00, ATMPCC( 5)_1.04697E+00, DTMPCC(
LOOPCT- 2 , ARLXCC( 5)- 0.00000E+00, DP,LXCC(

T 10 - -0.9736 T 15 - 12.3977 T 20 - 11.2911 T 25 - 19.1215 T 30 - 20.0000 T

T 35 - 20.0000 T _9 - -20.0000 T

TZHE- 6.00000E+00, DTIKEU- 1.00000E+00, CSGHIN ( 30)- 1.30071E+00, ATMPCC( 5)--7.10640Z-01, DTMPCC(
LOOPCT- 2 , ARLXCC( 5)- 0.00000E÷00, DRLXCC(

T I0 - -2.5906 T 15 - 10.4812 T 20 - 17.1729 T 25 - 19.4950 T 30 - 19.9543 T

T 35 - 19.9543 T 99 - -20.0000 T

0)- 0.00000E+00

0)- 0.00000Z+00

5 - 20.0000

0)- 0.00000Z+00

0)- 0.00000Z+00

5 - -0.6900

10)_1.06040E+01

0)- 0.00000£+00

5 - -5.8091

10)_5.075231+00

0)- 0.00000E+00

5 - -I.2592

I0)_3.125551+00

0)- 0.00000£+00

5 - -9.7610

15)_2.259221+00

0)- O.O0000E+O0

5 - -10.|150

15)--1.91650E+00

0)- 0.00000E+00

5 - -11.5956

TI_- 7.00000E+00 DTIMEU- 1.00000E+00 CSGHZH(

LOOPCT-

T I0 - -3.1557 T 15 - 0.1461 T

T 35 - 19.1315 T 99 - -20.0000 T

TI_- 1.0_0001+00 DTIMEU- 1.000001÷00 CSGHIN(

LOOBCT-

T I0 - -4.1103 T 15 - 7.4365 T

T 35 - 19.6204 T 99 - -20.0000 T

TI_- 9.00000E+00 DTII_U- 1.00000E+00 CSGMIN(

LEOPCT-

T i0 - -5.7319 T 15 - 6.2083 T

T 35 - 19.3231 T 99 - -20.0000 T

TI_¢E- 1.00000&+01 DTZME_- 1.00000Z+00 CSGMIN(

LOOPCT-

T I0 - -6.4543 T 13 - 5.1270 T

T 35 - 16.9403 T 99 - -20.0000 T

TI_- I.I0000E+01 DTIMEU- 1.000001+00 CSGMIN(

Z_OOPCT-

T I0 - -7.0771 T 15 - 4.1659 T
T 35 - Ig.50T4 T 99 - -20.0000 T

TildE- 1.200001+01 DTIHEU- I.O0000E+O0 CSGMIN(

I_X_PCT-

T I0 - -7.6216 T 15 - 3.3031 T

T 35 - 10.0121 T 99 - -20.0000 T

TIP_- 1.30000E+01, DTIMEU- I._0000E+00 CSGMIN(
LOOPCT- 2

r 10 - -1.1031T 15 - 2.5241T

T 35 - 17.4731 T 99 - -20.0000 T

30)- 1.30071E+00, ATMPCC) 5)_6.1071|E-01, DTMPCC(
• ARLXCC( 5)- 0.00000E+00, DP, LXCC(

20 - 16.0479 T 25 - 19.0079 T 30 - 19.8315 T

2

15)--1.63514E+00

0)- O.O0000E+O0

5 - -12.2064

30)- 1.300711+00, A"t'_CC(

• _RL, XCC(

5)_4.9456|_-01, DTMPCC(

5)- 0.00000E+00, DP,LXCC(

20 - 14.9608 T 25 - 11.4604 T 30 - 19,6204 T

15)_1.409571+_0

0)- 0.00000E+05

5 - -12.7009

30)- 1.300711+00, ATHPCC(
• ARLXCC(

5)_4.111331-01, DTMPCC(

5)- 0.00000E+00, DRLXCC(

20 - 13.9293 T 25 - 17.8607 T 30 - 19.3231 T

15)_1.22|25E*00

0)- 0.00000E÷0C

5 - -13.1121

30)- 1.30071E+00, ATMPCC( 35)_3.747|61-01, DTMPCC(

, ARLXCC( 35)- 0.00000E+00, DRLXCC(

20 - 12.9511 T 25 - 17.2279 T 30 - 10.9403 T

15)_I.001301.0C

0)- 0.00000E+0C

5 - -13.4600

30)- 1.300711+00, AT_CC(
, ARLXCC(

35)_4.4091|E-01, DTMPCC(

35)- 0.00000E+00, DRLXCC(

20 - 12.0454 T 25 - 16.5745 T 30 - 11.5074 T

15)_9.611031-C

0)- 0.00000E-_

5 - -13.7615

30)- 1.300711+00. ATMPCC(

, ARLXCC(

35)_4.953611-01, DTMPCC

35)- 0.00000E+00, DRLXCC

20 - ii.1867 T 25 - 15.9091T 30 - 10.0121T

15]_|.620221-_

0)- 0.00000E,"

3 - -14.0243

30)- 1.300711+00, ACP_PCC( 35)_5.359401-01. DTI_CC

• _RLXCC( 35)- 0.00000E+00. DRLXCC

20 - 10.3767 T 25 - 15.2370 T 30 - 17.4731T

20)--8.099|0E

0)- 0.00000£'

5 - -14.256_
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*mlln*tt* •tteI*ml °

TI_-1.40000g+01. DTIMEU" 1.00000E+00, CS_IN( 30)-1.30071E+00, ATI_CC( 35)_5.72|45E-01, DTMPCC( 20)_7.66712g-01

LOOPC'/_ 2 , ARLXCC( 35)- 0.00000g+00, DRLXCC( 0)- 0.00000E+00

T 10 - -8.5334 T 15 - 1.|130 T 20 - 9.6100 T 25 - 14.5648 T 30 - 16.9002 T 5 - -14.4645
T 35 - 16.9003 T 99 - -20.0000 T

i {C) COPYRIGHT 19|2,1_lJ, _984, 1905, 19e6o 19|7 J.D.GASKI SIMDA/1987/ANSI 1.31 NET_RK ANALYSIS ASSOCIATES, INC. - PAGZ 3

............;_:..
TI_- 1.5000 01, DTIM_I/- 1.00000E+00, CSGMIN( 30)- 1.30071E+00, AT_PCC( 35)_5.90541E-01, DTMPCC( 20)_?.20411E-01

LOOPCT- 2 , ARLXCC( 35)- 0.00000E+00o DRLXCC( 0)- 0.00000E+00

T 10 - -8.9215 T 15 - 1.1596 T 20 - 8.|816 T 25 - 13.|935 T 30 - 16.3017 T 5 - -14.6519
T 35 - 16.3017 T 99 - -20.0000 T
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25
Transient Tempez'amm Distrilmtions

2(]

15

1C

5

0

-5

-10,

-15

°

1- t= 0 sec

0 _5_

C t--lO sec

j. t=15 _e

x,_\\

0.0: 0.0¢ 0.0 ¢. 0.1"_ 0.1:

x (meters)

Figure 4. SINDA Transient temperature results
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B. Generation of an Alternate (Exact) Solution:

Because the fluid temperatures on both sides of the wall are equal, the steady state
temperature of the wall must be -20 °C. The problem, however, calls for the
temperature distribution in the wall after 15 seconds. Since it is not known whether

steady state conditions are reached after 15 seconds, a complete solution to the

problem must be developed. Because the temperature distribution must be
symmemc about the center of the wall, we may consider only one side of the wall
and assume an adiabatic boundary at the inward facing side of the half-section.
Considering the wall "element" shown in Figure 5, we may write

(i)

from which

(2)

\

\
\

adiabatic boundary \
\

\
\
\
\
\
\
"s

\

\

X

v

free surface

/

Figure 5. Energy balance on half-section of a semi-
infinite plane wall

From equation (2), we may write

0x = p(Adx)Cp + -kA_x X _X2]]

Simplifying and regrouping terms in (3) gives

(3)

1-2-9



O= OT k_T
P_-&--- i_x2

or

_92T= p_C.C._ (4)
c3x2 k

We are now left to find a solution to (4) which satisfies the appropriate set of
boundary conditions. The boundary conditions are:

1. no heat transfer across the adiabatic boundary such that

q(x---O,t) = _kA..T,x_-O,t,_t' 3 _- 0
bx

or, for constant thermal conductivity,

igT(x--0,t) _=0 (5)
/)x

. conduction and convective heat wansfer are exactly balanced at the
free surface of the section such that

qcond(X=L/2,t) = qconv(x=L/2,t)

or

-kA ._T(X=L/2't) - hA[T(x=L/2) - T..]bx

We may then write

bT(x--L/2,t)
=_TCx=ti2) - T.] (6)bx

The one initial condition is T(x,0) = 20. So then, setting

pCp and _.It= _,
k k

the complete problem is that of solving

b2T= lYI"
bxZ B & (7)

subject to

_T(x= 0,t) = 0 (8)
bx

1-2-10



and

_I'(x-l.d2,t)
_x = ot [T(l]2,t) - T..] (9)

T(x,0) = 20 (10)

Having clearly defined the problem, we may now represent the solution, T(x,t), as
the sum of its steady state and transient parts. Thus,

T(x,t) = w(x,t) + v(x) (11)

In thiscase,thesteadystatesolutioniseasilyidentified.Since thereisno internal

heatsourceand thefluidstreamsflowingon eithersideof thewallarc at-20 C,

v(x) = -20 C = constant

and

T(x,t) = w(x,t) - 20

Therefore, the transient part of the complete solution is given by

w(x,t) = T(x,t) + 20 (12)

The transient part must satisfy the original partial differential equation (PDE) as well
as the boundary and initial conditions. It follows from (12) that

0w 3rl" b2w b2T 0w 0T

0x 0x' 0x 2 0x 2' _t _t (13)

and substitution of (13) in to the original PDE leaves us to solve

02w = 1 0w

0x 2 _ _t (14)

subject to

0w(x=0,t) = 0
bx (15)

0w(x=L/2,t)
0x = ctw(L/2,t) (16)

and

w(x,0) = 40 (17)

Settingw(x,t,) equal to the product of a function of x and a function of t, we may
write
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w(x,t) = O(x)_(t)

such that

(18)

_W

_)--_-= ¢'(x)7(t) (19)

and

"_'_"2------z-"= ¢"(x)T(t) (20)
Ox 2

_W

= ¢(x)_/'(t) (21)

Substitution of (19), (20), and (21) into (14) gives

O"(x)T(t) _- -!-¢(x)_,'(t)

or

(22)

Since the right-hand side of (22) is a function only of t and the left-hand side is a
function only of x, the equation is only satisfied when both sides are equal to the
same non-zero constant; that is to say that

¢"(x) _ C

¢(x)
(23)

(24)

These equations may be rewritten to obtain

¢"(x) - COO(x) = 0 (25)

and

'y'(t) - 13C_t) = 0 (26)

both of which are homogeneous differential equations. Setting C equal to a

1-2-12



negativeconstant, .X 2 , gives

_- ¢"(x)+ _.2¢(x)=.0

and

"_(t) +_.2}_t) = 0

which have solutionsof theform,

¢(x) = AIcos _Lx + A2sin _.x

and

7(t) = A3ex_-_.2_t},

(27)

(28)

respectively.

_w(x---0,t)
bx = ¢(0)y'(t) = 0

which implies that

_'(0) -=0

Hence,

The boundary conditions, (15), together with (19), yields

¢'(x) = -Alsin 0 + XA2cos 0 = _.A2 = 0

Since _.#0, A2 must be zero, identically, and

¢(x) = Altos ),.x

The second boundary condition then gives

i_w(x=L/2,t)
3x = 0'(L/'2)_t) = ctC(I/2)_t)

or

(29)

AI[otcos(M../2) + _.sin(M.d2)] = 0

Since we cannot let A1 = 0, as this leads to a trivial solution, the only choice is

o_cos(M22) + Xsin(M.J2) = 0

which leads to
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1 + _k sin(M.d2) = 0
0t cos(XL,r2)

or

tan(XLt2) =- 0t
X

We are able to sketch the graphs of

fiX) = tan(XL/2) and g(X)=-_/'g.

The family of curves that def'mes the function, f, crosses the lambda-axis at even
multiples of 7r./L and that which defines the function, g, asymptoticaUy approaches
zero, regardless of the values of h and k (which determine alpha). From the sketch
of Figure 6, it is clear that there are an infinite number of values for lambda which
satisfy

tan(M..,/2) = -(x/k,.

and that these values are generally very close to the zeros of the function, f. For n
greater than or equal to one, we find that

Xn = 19.88n- 10.4

gives good results, for all n. The relationship between lamda and n is obtained by
plotting calculated values of lamda, as a function of n, and studying the nature and
characteristics of the resulting curve. Fine tuning of the function is by trial-and-
elTOr.

Figure 6. Sketch of functions, f and g

Referring back to the solutions to (27) and (28), it must be borne in mind that these
differential equations, as well as the boundary conditions used to solve them, are
homogeneous. Therefore, any constant multiple of a solution is also a solution and

the constants, A1 and A2 may be omitted for the time being. The general form of
the transient solution then becomes
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whichmaybe shown to satisfy the original P.D.E., as well as the first boundary
condition. Forming a linear combination of solutions, we may express the transient
solution as

Wn(X.t) -- _ AncOS (_,nX_exp(-_,n2_t)]

n=l

where

= 19.88n-10.4

The full solution to the original problem (in T) becomes

T(x,t) = w(x,t) + v(x) = E Anc°s (gnx_exP(-Xn213t)] - 20
n=l

and we are left only to determine the constants, An, and, in doing so, satisfy the
one initial condition. The initial condition is

ao

w(x,0) = _ AnCOS (LnX)= 40

n=l

While (30) looks like a Fourier series, it is not. The eigenvalues, _. 1,2,3 ...... n are

not integer multiples of _.] and the series is, therefore, not a Fourier series. The
coefficients, however, may still be evaluated using the principle of othogonality. It
may be shown that

racos2k,nxcos2_mxdx- 0 if nm
(31)

Now then, if both sides of (30) are multiplied by

CO$_nX

where m is fixed, and the resulting equation is integrated from 0 to I./2, all the
terms in the series vanish g/lgggLthe one for which n=m (due to (31)). The

equation for Am then becomes

_ 40coSZ, mxdx

_=

_ cos2_xdx
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16o sm _k/2)

LX + sin(Lk)

For the case where L - 0.30m, the complete solution to the problem at hand finally
l_,omes

OQ

T(x,t) = 3".
m=l (0.____sin (0.15k) /cos (kx_exp(.k2[St)]_20

where

km= 19.88m- 10.4

and

= ._.k_- (1.4W/mC)(6070W sec/m2C) "1 = 2.31 x 10"4m2/sec
pCp

W ,

VI.

The short code given on the following page was developed to expedite evaluation of
the series in the temperature equation. Results obtained form the closed-form
solution are given on page 1-2-20 and 21 for times of 10, 15, and 20 seconds. The
temperature distribution at t = 15 seconds is compared with that predicted by
SINDA, in Figure 7. In this case, the two sets of results compare favorably with
one another.

Closing Comments:

It is immediately evident that the closed-form solution to the present example is very
involved whereas the corresponding SINDA input deck is of the simplest type. In this
case, use of SINDA leads to an acceptable solution with a minimal expenditure of time and
effort

References:

[1] Powers, D., Boundary Value Problems. 2nd Edition. Copyright 1979 by Academ ic

Press, New York, pp 113-116.
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Program Listing for the Exact Solution

10

2O

PROGRAM TX

OPEN (UN I T_-2Q, FILE- 'tx. out ',STATUS- 'UNKNOWN ')

SUM=O.

DO T-I0,20,5

WRITE (20, i0)

FORMAT(//,10X, 'TIME (SEC) ',T25,'X (m) ',T40, 'TEMP (C) ',/)

DO X=0.,.15,.01

SUM-0.

DO XN -i.,50.,i.

XLAM- (19.88*XN) -I0.4

AN-160.* (SIN(. 15*XLAM) )

AN-AN/( (.30"XL_24) + (SIN (. 30*XLAM) ) )

SUM-SUM+ (AN* (COS (XL_*X)) * (EXP (- (XLAM**2.) *. 0002310"T) ) )

END DO

TEMP=SUM-20.

WRITE (20, 20)T,X, TEMP

FORMAT (10X, F7.3, T25,Fg. 6, T40,FS.2)

END DO

END DO

STOP

END
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TIME (SEC}

10,000

10.000

i0.000

10.000

i0,000

i0.000

I0.000
i0.000

10.000

10,000

i0.000

i0.000

i0.000

10.000

10.000
i0,000

TIME (SZC)

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

15.000

TIME ($EC)

20.000

20.000

20.000

20.000

20.000

20.000
20,000

20.000

20.000

20,000

20.000

TIME (SEC)

20.000

20.000

20,000

20,000

20.000

X (m)

0.000000

0.010000

0.020000

0.030000

0.040000

0.050000
0.060000

0.070000

0.010000

0.090000

0.100000

0.110000

0.120000

0.130000
0.140000

0.150000

x (m)

0.000000

0.010000

0.020000

0,030000

0.040000

0.050000

0.060000

0.070000
0.050000

0.090000

0.100000

0.110000

0.120000

0.130000

0.140000

0.150000

x (m)

0,000000

0.010000

0.020000

0.030000

• 0.040000
0.050000

0.060000

0.070000

0.050000

0.090000

0.100000

X (m)

0,110000

0.120000

0.130000

0.140000

0.150000

TF-J_ (C)

11.10

1|.70

10.42

17.93

17.20

1E.21
14.92

13.21

11.21

1.19

6.01

2.81

-0.71
-4.63

-|.13

-13.24

16.12

15.99

IS.G0

14.94

14.00

12.78

11.28
9.4|

7.39

5.01

2.35

-0.57

-5.73

-7.09

-10.62

-14.27

13.00

12.86

12.45

11.77
10.82

%.60

B.11

6.37

4.39

2.16

-0.20

TEKP (c)

-2.92

-5.74

-O.?l

-11.$0

-14.97

Exact Solution Results
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15

10
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o

-5

-10

Temp Distribution after 15 se¢

Comparison of Numerical & Exact Results

-15

i

, ------O--.---
i

SINDA soluson

Exact solution

-2C

0.0( 0.0: 0.1( 0.1:

x (meters)

Figure 7. Comparison of SINDA and exact solution results
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CHAPTER 1: STEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 3: -- Steady State and Transient Conduction Through a Circular
Rod, with Convection

ANALYSIS CODE: SINDA (Gaski Version)
-----_o_IIIIIIII_IIIIIII_IIIIIIaIIIIIII_IIIII_II_IIIIIIIIIIIIIII_IIIIIII_IIIII-IIIIII_IIII

I. Identification of the Problem:

A. Statement of the Problem:

Consider a homogeneous circular rod between two wails. The two wails (Figure 1)
are held at temperatures of 32 °F and 212 °F, respectively. The 0.167 ft diameter
rod is 2 ft in length and is initially at a temperature of 70 °F. The heat transfer

coefficient between the rod and the ambient air is 1.14 BTU/fi 2 hr R and the thermal

conductivity of the rod is 9.4 BTU/ft hr R. Determine the transient temperature rise
and the steady state temperature of the rod by four different methods including:

.

2.
3.
4.

Closed-Form Solution of the differential equation of energy conservation
Network Analysis Method using SINDA
Finite Volume Method of solving energy conservation equation (Ref. 1)
Finite Element Method using ANSYS (steady state only)

B. Schematic:

T = 32 OF

/
//
//
//

//
//
/ /
/ /
/ /

/
//
//
//
//
//
//

//
/

Tamb = 70 °F

- D =0.167 ft

L=2ft

/,
//
//
//
//
//
/
//
//
/, oF/, T = 212
/,

Figure 1. Schematic of Circular Rod Connected to Walls at Different Temperatures

C. Given:

The following data is given in this problem:

,

2.

3.

The rod is homogeneous (has uniform thermophysical properties)
The left wall temperature is 32 °F
The right wall temperature is 212 °F
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II.

.

6.

D. Find:

The heat transfer coefficient between the rod and the ambient air is 1.14

BTU/hr-ft2-°F

The thermal conductivity of the rod is 9.4 BTU/hr-ft-°F

The rod has uniform initial temperature distribution: T = 70 °F

The steady state and transient temperature distributions in the rod by the four
methods mentioned above

Steady State Formulation of the Problem:

A. Closed-Form Solution

The differential equation of energy transport is given by

d2T-4h(T -T..)=0
dx 2 Dk

with the following boundary conditions

B •

(1)

"1_0) = 32 °F
and

"r(L) = 212 *F

The closed-form solution to equation (1) is given by

T(x) - Tamb = cle _x + cze'_X (2)

where _ =,_/4h = 1.714 ft "1
V Dk

c 1 = 4.653

c2 = -42.650

Tarab = 70 °F

Network Analysis Method Using SINDA

The solution to the heat conduction problem, using SINDA, involves the following

steps:

1. Sub-division of the calculation domain into discrete control volumes

2. Def'mition of the node and conductor numbers

3. Calculation of the conductor and capacitance values
4. Def'mition of the solution control parameters

Discretization:

Figure 2 shows the nodal distribution used to create the SINDA model. The
circular rod is sub-divided into eight equally spaced nodes, numbered 10 through
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80. Temperatures are defined at the center of the control volumes. Nodes 10

through 80 are diffusion nodes, where the temperatures are to be calculated. The
temperatures at the boundary nodes (-15, -55 and -85) are given. The boundary
nodes are identified by negative signs.

-15

T(-15) = 32 °F

T(-55) = 70 °F

T(-85) = 212 °F

* Diffusion Node

* Boundary Node

(negative)

Figure 2. Discretization of the Calculation Domain into Control Volumes

Conductor Data:

The conductance values of conductors connecting specific pairs of nodes are
calculated from the following expression

Conductance =
Thermal Conductivity x Cross-sectional Area

Inter-nodal Distance

Table 1 gives the conductor numbers, the node numbers, and the conductor values.
It is noted that the conductance values of conductors connecting the boundary (wall)
nodes to adjacent diffusion nodes are twice the values of the conductances between
interior nodes; this is due to the fact that the inter-nodal distance is half as large
between diffusion and boundary nodes (see Figure 2).

Solution Control Parameters:

The maximum number of iterations is set to 1000. The iterative solution will

terminate after 1000 iterations and may terminate earlier if the energy conservation
error is less than a pre-specified small number of 0.0001.

SINDA Input Listing:

In the "NODE DATA" block, the initial temperatures of the diffusion nodes and
their respective capacitances are defined. This particular problem is a steady state
problem; therefore, the capacitances were set to unity. The temperatures of the
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boundary nodes are also specified. In the "CONDUCTOR DATA" block, the
conductor numbers, node numbers, and their respective conductor values axe
defined (see Table 1). The SINDA input listing (steady state) is given on page 1-3-
14.

Conductor
Conductor Node Node Value

Number Number Number (BTU/I_'-°F)

1510 15 10 1.6394

1020 10 20 0.8197

1055 10 55 0.1492

2030 20 30 0.8197

2055 20 55 0.1492

3040 30 40 0.8197

3055 30 55 0.1492

4050 40 50 0.8197

4055 40 55 0.1492

5060 50 60 0.8197

5055 50 55 0.1492

6070 60 70 0.8197

6055 60 55 0.1492

7080 70 80 0.8197

7055 70 55 0.1492

8055 80 55 0.1492

8085 80 85 1.6394

Table 1. Definition of Conductor Numbers and their Values

Finite Volume Method of Solving the Energy Conservation Equation

The Finite Volume Method consists of three basic steps:

1. Sub-division of the domain into discrete control volumes

2. Derivation of conservation equations in algebraic form
3. Solution of conservation equations

The first step is to divide the circular rod into a t-mite number of control volumes, as
shown in Figure 3.

n

2 i-1 i+l n-1

Figure 3. Division of the Circular Rod into a Finite Number of Control Volumes
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Temperatures are calculated at the center of the control volumes. Boundary
temperatures are specified at the surface of the boundaries. The next task is to
obtain a finite volume equation which is an algebraic relation connecting the
temperature at the ith control volume with the (i - 1)th and the (i + 1)th control

volume. This relation is derived from the application of the energy conservation
law for the ith control volume. Let us denote the temperature of the ith control
volume as Tp and the temperatures of the (i - 1)th and (i + 1)th control volumes as

T w and T E, respectively. Figure 4 shows a typical control volume.

8w--_ 8e

• W

w P

C

E

Figure 4. Schematic of the ith Control Volume

The rate of heat transport through the west face (Figure 4) is given by

Ciin = -kA dT = - (kA)w Tp - Tw
dxw 5,,,

and the rate of heat transport through the east face is given by

Ciout = -kA dT = - (kA) e TE - Tp
dx c 8e

Under steady-state conditions,

Ciin - Clout

and -(kA)wTp-Tw- (kA)eTE-TP

8e

or r(kA)w (kA)e] (kA)w Tw (kA)e TE

or apTp = awT w + aET E (3,
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_ (kA)o
where aE

8e

_ (kA)w
aw

ap = aE + a w

As noted from equation (3), the temperature at point P is influenced by the

temperatures of its east and west neighbors. The influence of the neighborin.g node
could be quite strong when the product of the conductivity and surface area is large
or the distance between nodes is small.

Equation (3) can be Icwritten in terms of the index, i and becomes

D*

aiTi = biTi+l + ciTi-1 (3a)

where a i = bi + Ci

and bi- (kA)e

xi+ 1 - xi

and Ci --
(k A) w

xi" xi- 1

The next task is to solve the finite volume equation (3a). There are eight equations

corresponding to each control volume. It is noted that the finite volume formulation
uses an identical discretization of nodes as in the SINDA model (Figure 2).
Therefore, the total number of control volumes is the same as the number of
diffusion nodes in SINDA. The location of nodes are identical in both models.

The set of simultaneous equations is solved using a "point-by-point" Jacobian
method where

and
i=2, N- 1

Ti = (biTi + 1 + ciTi-1)
ai

The loop is repeated until the difference in temperature at each point in successive
iterations becomes sufficiently small.

Finite Element Method Using ANSYS

The Finite Element Method (FEM) was initially developed to calculate stresses in

irregularly shaped objects and to analyze structural problems in aircraft. The
underlying advantage of the FEM is its ability to easily solve problems described by
complex boundary shapes. In recent years, the FEM methods have also been found
effective in heat transfer problems.
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In man.), analytical methods, the differential equations are solved with the series
expansion of the functions themselves. In a typical series expansion, an infinite
number of global basis functions (sines, cosines, etc.) span the entire domain. The
coefficients of the series arc determined from the boundary conditions. However,
in the FEM, only a finite number of basis functions that arc local in nature (nonzero
over only a small segment of the domain) arc employed. With the use of local basis
functions, the coefficient matrices that result from the approximation procedure of
the governing equation became banded and sparse. Conventional Finite Difference
and Finite Volume procedures also produce banded sparse matrices with different
approximation procedures of the governing equation. However, in the FEM, the
resulting matrices become considerably fuller due to the greater degree of coupling
among nodes. The system of equations is then solved by matrix solution
techniques.

The finite element solution of the present problem was obtained using ANSYS.
Ten nodes have been used. Of the ten nodes, three were boundary nodes, and
temperatures were obtained in the other seven nodes. Two of the boundary nodes
represent wall temperatures of the two ends of the rod. The third boundary node
represents the ambient temperature.

The resulting equation becomes

[I_ {T} = {Q}

W_lere

"2KAe + hAs

Ax

2KAe + hAs
Ax

2KAm + hAs
Ax

{T2}{r}- T3
T9
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III.

" TIKA + T.hAs

Ax

{O} : T.hAs

TgKA + T.hAs

Ax
The above equationcan be rewrittenas

{T} =[I_ ":{Q}

Gaussian eliminationwas used tosolvethematrix.

The inputfileforANSYS islistedon page I-3-19. The corresponding outputfllc
follows. The solutionconverges intwo iterationsand theconverged temperature

distributionisgiven on page I-3-23.Also provided arc theheatratesbetween the

nodes. The negativesigninthecalculatedheatrateindicatesthatheat"flows"inthe

negativex-direction.

E. Presentation and Discussion of Results:

The analyticalsolution,the numericalsolution(SINDA), the finitevolume solution,

and the finiteelement solution(ANSYS) are compared in Figure 5. All three

numerical solutionscompared well with the analyticalsolution. Figure 5 also
shows the solution with no convection. Without convective heat loss,the

temperaturedistributionwithintherod islinear.

Formulation of the Transient Problem:

The initial temperature of the rod is assumed to be at 70 °F. At x = **, the steady state
solution is obtained.

A. Closed Form Solution

The differential equation which determines the transient temperature distribution in
the circularrod can be written as

dT- _2T _2(T_ T.)

d't Ox 2
(4)

where

_ pc
0t - m (4a)

k

_2 = 4h
Dk (4b)
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Theboundaryconditions am

T(0,t) = 32°F, T(L,t) = 212°F

and the initial condition is

T(x,0) = 70°F.

The analytical solution to equation (4) may be obtained using the method of
separation of variables. In this case, the complete transient solution is expressed as
the sum of its steady state and transient parts, whereupon the two "components" of
the complete solution are developed, separately. A rigorous development of the
analytical solution has been omitted for the sake of brevity. The solution can be
written as

= nxxaXx,,t F59-7n+ 222"9nc°snn]Isin 2 ]
n=lL 2.938 + 2.467n 2 J

[ox 00971 + +46,o1714 
4

42.65e "1.714x + 70

where the three terms on the far right-hand side of the equation represent the steady

state part of the solution. The series denotes the transient part.

B .

C •

Network Analysis Method Using SINDA:

The steps to obtain the transient solution using SINDA are similar to those of the
steady state solution described in the previous section. Transient calculations,
however, require additional information to calculate capacitances of the nodes and
the parameters for performing integration in time. These parameters include the end
time and time step which are required for integration. The nodal distribution is
similar to that shown in Figure 2.

Capacitance Data:

The capacitances of the nodes are calculated from the following expression

Capacitance = Density x Specific Heat x Volume

The SINDA input listing for the transient problem is given on page 1-3-14.

Finite Volume Method of Solving the Unsteady Energy Conservation
Equation:

Discretization of the solution domain is identical to the steady state case. Derivation
of the unsteady energy conservation equation, however, requires inclusion of the
resident energy of the node given by
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°

8¢

The unsteady energy conservation equation, therefore, can be written as

Ciin = qR + Clout

- (kA)wTp- T w =(pVcp)Tp" Tp _ (kA)e TE- Tp
8w 8_ 8e

TP [_-_-It + (kA)-_w+ _-_ 1 = pVcp TP + _w)W Tw + _ -_TE8w 8x

ap Tp = aT Tp + aw Tw + aE TE

oVc_
where aT=_ -e

8x

and
(kA) w

a w -
8w

_ (kA)e
and aE

5e

(5)

and ap = aT + aw + aE

It may be noted that equation (5) has an additional aTT1 ," term which did not appear
in the steady state formulation (Equation 3). The temperature at point P is
influenced by the temperature prevailing at the same point, at the previous time.
The influence of the earlier time would be large if the node has a large thermal
inertia (product of mass and specific heat) and/or if the time step is very small.

Equation (5) can now be solved using a "point-by-point" Jacobian method, as
described in the previous section. The FORTRAN listing of the computer program,
based upon the Finite Volume method, is given on pages 1-3-17 and 1-3-18.

Presentation and Discussion of Results:

The analytical solution, the numerical solution (SINDA) and the finite volume
solution are compared after 30 minutes in Figure 6. The temperature distribution,
in the rod at two other times are shown in Figures 7 and 8. Figure 7 shows the
comparison of the three different solutions after 1 hour. Figure 8 shows the
solutions after 8 hours.
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Figure 5. Steady State Solution
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Figure 6. Transient Solution After Thirty Minutes
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Figure 7. Transient Solution After One Hour
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Figure 8. Transient Solution After Eight Hours
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BCD

BCD

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

SINDA INPUT LISTING (STEADY STATE)

3THE]_4AL LPCS

9COMBINED CONDUCTION & CONVECTION FROM HEATED ROD

9STEADY-STATE SOLUTION TO COMPARE WITH ANALYTICAL DATA

3NODE DATA

I0 70.,I.$NODES FOR TEMPERATURE CALCULATION

20 70.,1.

30 70.,1.

40 70.,1.

50 70.,1.

60 70.,I.

70 70.,1.

80 70.,1.

-85,212.,I.$EAST BOUNDARY NODE;T-212 DEG F

-55,70.,I.$NODE REPRESENTING AMBIENT;T-70 DEG F

-15,32.,I.$WEST BOUNDARY NODE;T=32 DEG F

3CONDUCTOR DATA

1510,15,10,1.6394

1020,10,20,0.8197

1055,10,55,0.1492

2030, 20, 30,0.8197

2055, 20, 55, 0. 1492

3040 30, 40, 0.8197

3055 30,55,0.1492

4050 40,50,0.8197

4055 40,55,0.1492

5060 50,60,0.8197

5055 50,55,0.1492

6070 60,70,0.8197

6055 60,55,0.1492

7080 70,80,0.8197

7055 70,55,0.1492

8085 80,85,1.6394

8055 80,55,0.1492

3CONSTANTS DATA

NDIM=500

NLOOP=I000

BALENG=.001

DRLXCA=.01

ARLXCA=.01

3ARRAY DATA

3EXECUTION

STDSTL

3VARIABLES 1

3VARIABLES 2

3OUTPUT CALLS

TPRINT

3END OF DATA
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"SINDA INPUT LISTING (TRANSIENT)

C

C

BCD

BCD

BCD

END

BCD

GEN

END

BCD

GEN

GEN

CAL

CAL

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

3THERMAL LPCS

9COMBINED CONDUCTION & CONVECTION FROM HEATED ROD

9TRANSIENT SOLUTION TO COMPARE WITH ANALYTICAL DATA

3NODE DATA

N#,#N , IN, T, CP, RHO, A , L

i0, 8, I0, 70.,.1981,487.51,.021904,.25

-85,212.,0.$EAST BOUNDARY NODE;T-212 DEG F

-55,70.,0.$NODE REPRESENTING AMBIENT;T-70 DEG F

-15,32.,0.$WEST BOUNDARY NODE;T-32 DEG F

3CONDUCTOR DATA

CONVECTION TO AMBIENT

G#, #G, IG, NA, IA, NB, IB, H, A, i., I.

I, 8, I, 10, i0, 55, 0,3.167E-04,.1309,1., i.

CONDUCTION IN THE ROD

G#, #G, IG, NA, IA, NB, IB, K, A, i., L

I0, 7, i, 10, i0, 20, I0,2.6111E-03,.0218, 1.,.25

G#, NA, NB, K, A, I., L

20, 15,10,2.6111E-03,.0218,1.,.125

21, 80,85,2.6111E-03,.0218,1.,.125

3CONSTANTS DATA

NDIM-500

NLOOP=I00

TIMEND=3600.

DTIMEI-I.

OUTPUT-200.

BALENGz.0001

DRLXCA-.001

ARLXCA-.001

3ARRAY DATA

3EXECUTION

FWDBKL

3VARIABLES 1

3VARIABLES 2

3OUTPUT CALLS

TPRINT

3END OF DATA
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SINDA OUTPUT LISTING (TRANSIENT)

(C) COPYRIGHT 19|2,1963,19|4,19|5o1916,1907 J.D.GA3KI SINDA/19|7/ANSI 1.31 hETWORK AMALYSIS ASSOCIATES, INC. - PAGE

COMBINED CONDUCTION & CONVECTION FR(]M HEATED ROD TRANSIENT SOLUTION TO CC_ARE WITH AMALYTICAL DATA

*-* NOTE *** rWDE_L PJ_UIRE3 59 DYNAMIC STORAGE IJOCATION$ OOT OF 472 AVAILABLE ***

TIHE,qD-- 3600.0 , CSGFRE- 1.0000 , DTIF_I- 1.0000 , N]X)(_- 100

TINE_D - 0.00000 , OUTPUT- 200.00 , DTIMEH- 0.100006+09, DTI_L- 0.00000

ARLXCA- 0.100008-02, AT_CA- 0.00000 o DRLXCA- 0.100006-02, DTMPCA- 0.100006+09
EXTLIM- 50.000

TIHE- 0.00000E+00, DTIMEU- 0.00000E+00, CSG_IN( 0)- 0.O0000E÷00o AT_CC( 0)- 0.000006+00, DTMPCC( 0)- 0.000008+00
IJOOPCT- 0 . ARLXCC( 0)" 0.000006+00, DRLXCC( 0)- 0.000008+00

T i0 - 70.0000 T 20 " 70.0000 T 30 -- 70.0000 T 40 - 70.0000 T 50 " 70.0000 T 60 - 70.0000

T 70 - 70.0000 T |0 " 70.0000 T 95 " 212.0000 T 55 - 70.0000 T 15 " 32.0000 T

TIME- 2.00000E+02, DTIMEU" 1.00000E+00, CSG_IN( 60)- 7.29930E+02, ATMPCC( 0)- 0.00000E+00, DTMPCC( 00)- 9.338306-02

LOOPCT- 2 , ARLXCC( 0)- 0.000006+00, DRLXCC( 70)- 6.103526-05

T i0 - 64.2688 T 20 " 69.7542 T 30 - 69.9950 T 40 " 70.0000 T 50 - 70.0000 T 60 - 70.0239

T 70 - 70.9005 T $0 " 91.4150 T 05 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TIHE- 4.00000E+02, DTIMEU" 1.000006+00, C$CJ4IH( |0)- 7.29930E+02, ATMPCC( 0)" 0.00000E+00, DTMFCC( 80)- 7.109946~02

LOOPCT- 2 , ARLXCC| 0)- 0.00000E+00o DRLXCC( gO)- 0.00000E+00

T 10 - 59.|771 T 20 - 69.1556 T 30 - 69.9515 T 40 - 70.0000 T 50 - 70.0046 T 60 - 70.1692

T 70 - 73.1236 T 80 - 107.6210 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TI_- 6.00000Z+02, DTII_U- 1.00000E+000 CSGMIN( 80)- 7.299306+02, AT_CC( 0)- 0.00000E+00, DTMPCC ( 80)- 5.576616-02

LOOPCT- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC( 801- 0.00000E+00

T I0 - 56.4852 T 20 - 68.3550 T 30 - 69.8377 T 40 - 70.0000 T 50 - 70.0280 T 60 - 70.4998

T 70 - 76.1150 T I0 - 120.4965 T 15 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TIME- $.00000E+02o DTIMEU- 1.000006+00, CSGMIN( $0)- 7.299306+02, ATMPCC[ 0)- O.00000E+00° DTMPCC( 80)- 4.370126-02

LOOPCT- 2 o ARLXCC( 0)- 0.00000E÷00, DHLXCC( 60)- 6.103626-05

T i0 - 53.6407 T 20 - 67.4436 T 30 - 69.7123 T 40 - 69.9840 T 50 - 70.0745 T 60 - 71.0271

T 70 - 79.5035 T 80 - 130.3760 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

T_- 1.00000Z+03, DTIMEU- 1.000006+00° CSGMIM( 80)- 7.299306+02° AT_CC( 0)- 0.00000E÷00, DTMPCC( 80)- 3.454596-02

LdDOPCT-- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC( 80)- 0.00000E÷00

T i0 - 51.7589 T 20 - 66.4932 T 30 - 69.5158 T 40 - 69.9655 T 50 - 70.1658 T 60 - 71.7484

T ?0 - 83.0478 T 80 - 138.1507 T 85 " 212.0000 T 55 - 70.0000 T 15 " 32.0000 T

TI_" 1.200006+03° DTIMEU" 1.000006+00o CSGMIH( 90)- 7.299306+02, ATMPCC[ 0)- 0.000006+000 DTMPCC( $0)- 2.764896-02

L_DOPCT- 2 , ARLXCC[ 0)" 0.000006+00, DRLXCC( e0)- 0.000006+00

T 10 - 50.1048 T 20 - 65.5427 T 30 - 69.2797 T 40 - 69.9393 T 50 - 70.3028 T 60 - 72.6320

T 70 - 66.5911 T 80 - 144.3299 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

1 (C) COPYRIGHT 1982,1983,1984, 1985, 1986,1987 J.D,GASKI SIHDA/1987/ANSI 1.31 NETWORK ANALYSIS AN$OCIATES, INC. - PAGE 2

CO_INED CONDUCTION & CONVECTIOW FRGM HEATED ROO TRANSIENT SOLUTION TO CO, ARE WITH AMALYTICAL DATA

TI_- 1.400006+03, DTZMEU- 1.00000E+00, CSGMIN( 80)- 7.29930_+02° ATMPCC( 0)- 0.000006+00o DTMPCC( 80)- 2.233896-02

_OOPCT-- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC( 80)- 0.000006+00

T 10 - 48.7757 T 20 - 64.6185 T 30 - 69.0088 T 40 - 69.9076 T 50 - 70.4915 T 60 - 73.6528

T 70 - 90.0357 T 80 - 149.2911 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TIHE- 1.600006+03, DTI_U- 1.00000Z+000 CSC.MIN( 80]- 7.299306+02, ATMPCC[ 0)- 0.00000Z+00, DT_CC( 80)- 1.818856-02

IX)OPCT- 2 , ARLXCC( 0)- 0.00000E÷00, DRLXCC( 80)- 0.00000E÷0C

T i0 - 47.6974 T 20 - 63.7368 T 30 - 68.7114 T 40 - 69.8829 T 50 - 70.7297 T 60 - 74.7793
T 70 - 93.3256 T 80 - 153.3174 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TIME-I.|00006+03, DTIMEU-1.00000E+00, CSGMIN| 80)-7.299306+02, ATMPCC( 0)-0.00000E+00, DT_CC( 70)-1.501466-02

LOOPCT- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC( 70)- O.O0000E+CO

T i0 - 46.8135 T 20 - 62.9044 T 30 - 68.3961 T 40 - 69.0578 T 50 - 71.0194 T 60 - 75.9845

T 70 - 96.4289 T 80 - 156.6186 T 85 - 212.0000 T 53 - 70.0000 T 15 - 32.0000 T

TI_- 2.000006+030 DTIMEU- 1.000006÷00, CSGMIN( 80)- 7.29930E+02, ATMPCC( 0)- 0.00000E+000 DTMPCC( 70)- 1.39771E-02

1EOPCT- 2 , ARLXCC( 0)- 0.000006÷00, DRLXCC( 70)- 0.000006+00

T I0 - 46.080| T 20 - 62.1272 T 30 - 68.0710 T 40 - 69.8331 T 50 - 71.3550 T 60 - 77.2444

T 70 - 99.3333 T 80 - 159.3540 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TIHE- 2,200006÷03, DTIF_EU- 1.000006+00, CSGMIN( 80)- 7.299306+02, ATMPCC( 0)- O.00000E+00, DT_CC| 70)- 1.30005E-C, _

LOOPCT- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC( 70)- 0.00000E.C:

T I0 - 45.4672 T 20 - 61.4055 T 30 - 67.7336 T 40 - 69.8131 T 50 - 71.7231 T 60 - 78.5335
T 70 - 102.0366 T 80 - 161.6460 T 85 - 212.0000 T 55 - 70.0000 T 15"- 32.0000 T

TI_- 2.400006÷03, DTIHEU- 1.000006+00, CSGHIN( 80)- 7.299306+02, ATMPCC( 0)- 0.00000E+000 DTMPCC( 70)- 1.208506 _;
LOOPCT- 2 , ARLXCC| 0)- 0.00000E+00, DRLXCC( 60)- 6.10352E

T i0 - 44,9492 T 20 - 60.7368 T 30 - 67.3978 T 40 - 69.8033 T 50 - 72.1296 T 60 - 79.8383
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T 70 - 104.$435 T 80 - - 163.5842 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T
IDm**,lD*lt*ee*te

TI_- 2.60000E+03. DTI_U- 1.00000E+00o CSG_IW( 00)" 7.29950E+02, ATI_CC( 0)- 0.00000E+00. DTMPCC( 70)- 1.11694Z-02
LOOPCT" 2 , ARLXCC( 0)* 0.00000E+00, DRLXCC( 70)- 0.00000E÷00

T 10 - 44.5063 T 20 - 60.1177 T 30 - 67.06|2 T 40 - 69.7979 T 50 - 72.5665 T 60 - i1.1409

T 70 - 106.8636 T. 80 - 165.2396 T 15 - _12.0000 T 55 - 70.0000 T 15 - 32.0000 T

.....***,***.....

TI_- 2.|0000E+03o DTI_- I.O0000E+00, C$GMIN( 80)- 7.29930Z+02, ATMPCC( 0)- 0.00000E+00, DTMPCC( 70)- 1.03149E-02

LOOPCT- 2 , ARLXCC( 0)- 0.000GOZ+00, ORLXCC( 70)- 0.00000E+00

T 10 - 44.1240 T 20 - 59.54e0 T 30 - 66.7510 T 40 - 69.7997 T 50 - 73.0305 T 60 - 82.4302

T 70 - 109.0081T $0 - 166.6650 T 85 - 212.0000 T 55 - ?0.0000 T 15 - 32.0000 T

SINDA/1987/AWSI 1.31 N_TWOE_ AMALYSI$ ASSOCIATES, INC. - PAGE 3i (C) COPYRIGHT 1982,19|3,1984,1%85,1986o1957 J.D.GASKI

COHBIHED CONDUCTION & CCtrVECTI_ FROM HEATED RCO TRANSIENT SOLUTION TO CUt, ARE WITH AMALYTICAL DATA

TIHE- 3.00000E+03, DTIMEU- 1.00000E+00, CSGMIN( 80)- 7.29930E+02, AlI_CC( 0)- 0.00000E+00o DTHPCC( 70)- 9.46045Z-03

LOOPCT- 2 , ARLKCC( 0)- 0.00000E+00, DRLXCC( 70)- 0.00000E+00

? 10 - 43.793% T 20 - 59.0236 T 30 - 66.4426 T 40 - 69.8160 T 50 - 73.516| T 60 - 13.7009

T 70 - 110.9|9% T 80 - 167.9051 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

.**,*.*.t********

TI_- 3.20000E+03, DTIMUZU- 1.00000E+00, CSGMIM ( 80)- 7.29930E+02, ATMPCC( 0)- 0.00000E+00, DTMPCC( 70)- 8.7|906E-03

IJ_OPCT- 2 . ARLXCC( 0)- 0.00000E+00. DItLXCC( 70)- 0.00000E+00

T IC - 43.5049 T 20 - 51.5410 T 30 - 6&.1559 T 40 - 69.0487 T 50 - 74.0247 T 60 - 84.9409

T 70 - 112.8220 T 80 - 168.9902 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

TI_- 3.400001+03° DTIE_U- 1.00000E+00, CSGMZN( 80)- 7.29930E+02o ATMPCC( 0)- 0.00000E+00o DTMPCC{ 70)- 8.1176|E-03

LOOPCT- 2 . ARLXCC( 0)- 0.00000E+00, DRLXCC( 70)- 0.00000E+00

T i0 - 43.2493 T 20 - 58.0984 T 30 - 65.8871 T 40 - 69.0983 T 50 - 74.5486 T 60 - 86.1472

T 70 - 114.5165 T |0 - 169.9481 T 15 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T

H.*e***It*.***,*

TI_- 3.60000E+03, DTIMEU- 1.00000£+00, CSGHZN( 80)- 7.29930E+02, ATMPCC( 0)- 0.00000E+00o DTMPCC ( 70)- 7.56856E-05
L_OPCT- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC( 70)- 0.00000E+00

T I0 - 43.023% T 20 - 57.6920 T 30 - 65.6335 T 40 - 69.9561 T 50 - 75.0701 T 60 - 07.515%

T 70 - 116.0040 T 80 - 170.7984 T 85 - 212.0000 T 55 - 70.0000 T 15 - 32.0000 T
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FORTRAN PROGRAM LISTING

C

c

c

C

c

c

c

c

c

c

C**

C

C

c

C

C**t*

C A COMPUTER PROGRAM TO SOLVE FOR ID TRANSIENT HEAT CONDUCTION

C EQUATION

C

C JANUARY, 1990

VARIABLES

T (I) - TEMPERATURES

TM(I)-TEMPERATURES AT THE PREVIOUS TIME-STEP

TAU -TIME

XG(I)-×-CO-ORDINATE OF FORWARD FACE OF THE CONTROL VOLUME

XN(I)-X-CO-ORDINATE OF CENTER OF THE CONTROL VOLUME

AXP(I)-COEFFICIENT CONNECTING WEST POINT

AXM(I)-COEFFICIENT CONNECTING EAST POINT

AP(I)- COEFFICIENT OF THE POINT

AT(I)- COEFFICIENT CONNECTING PREVIOUS TIME

HEAT SOURCE IS EXPRESSED AS Q ffi SU(I)+SP(I)*T(I)

SU(I)- CONSTANT OF SOURCE TERM

SP(I)- COEFFICIENT OF TEMPERATURE IN SOURCE TERM

TIME(I)- GIVEN TIME WHEN HEATFLUX ARE SPECIFIED

HFLX(I)- GIVEN HEATFLUX AT THE BOUNDARY

DIMENSION T(12),TM(12),XG(12),XN(12),AXP(12),AXM(12)

& ,AP(12),AT(12),TIME(52),HFLX(52),DHFDT(52),SU(12)

& ,SP(12)

INTEGER OPTION

REAL K

LOGICAL PR_T

DATA TINIT/70. /

DATA NITER/1007

DATA XL/2.0/

DATA XG/0., 0. 125, 0.250, 0. 375, 0.500, 0. 625, 0. 750, 0. 875, i. 00, 3"I. /

DATA XN/0., .0625, .1875,.3125, .4375, .5625,.6875,.8125, .9375,3"1./

DATA NX/10/

DATA CC/I.E-6/

DATA DTAU/I. E06/

DATA TAUF/I./

DATA RHO, CP/79.48,.42/

DATA A,K/0.0218,0.00261/

DATA AS/0.1309/

DATA PAI,D/3.14159,0.166667/

DATA H/3.167E-04/

DATA TAMB/70./

DATA PRNT/.TRUE./

H=0.

NXMIffiNX-I

NXM2=NX-2

DO I _I,NX

XG (I) _XG (I) *XL

XN (I) _XN (I) *XL

ENDDO

SUPPLY INITIAL CONDITION

DO Iffi2,NXMI

T(I)ffiTINIT

TM(I)-TINIT

END DO

SUPPLY BOUNDARY CONDITION

T(I)=32.

T(NX)-212.

SELECT OPTION
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c

1200

POINT BY POINT METHOD

START OF ITERATION

TAU=0.

START OF A NEW TIME STEP

TAU-TAU+DT_U

ITER=0

1 CONTINUE

DIF-0

DO i00 IIE2,NXMI

IEII

CALCULATE COEFFICIENTS

AXP(I)-K*A/(XN(I+I)-XN(I))

AXM(I)-K*A/(XN(I)-XN(I-I))

VOL-A* (XG (I) -XG (I-l))

AS=PAI*D* (XG (I) -XG (I-l))

AT (I )-RHO*CP*VOL/DTAU

SU (I )mH*AS*TAMB

SP (I)--H'AS

TOLD-T (I )

SUM-AXP (I) +AXM (I) +AT (I) -SP (I)

T (I) - (AXP (I) *T (I+l) +AXM (I) *T (I-l)

& +AT(I)*TM(I)+SU(I))/SUM

DIF-AMAXI(DIF,ABS((T(I)-TOLD)/T(I)))

i00 CONTINUE

ITERzITER+I

WRITE(*,*) ITER, T(4),DIF

IF(ITER.GT.NITER)GO TO 9999

IF(ITER.LT.2) GO TO 1

IF(DIF.GT.CC) GO TO 1

CONTINUE

IF(PRNT) CALL PRINT(TAU, T,XN,DIF, SUMERR,NX, ITER)

DO I=2,NXMI

TM(I)-T(I)

ENDDO

IF (TAU.LT.TAUF) GO TO 1200

STOP

END

SUBROUTINE PRINT(TAU,T,XN,DIF, SUMERR,NX, ITER)

DIMENSION T(12),XN(12)

OPEN(UNIT=6,FILE='HCON.OUT',STATUS='UNKNOWN ')

NXMI=NX-I

IF (ITER.EQ.0) WRITE(6,100) (I,I=I,NXMI)

I00 FORMAT(3X,'4HTIME, 4X,4HITER, III6,7X,3HDIF)

WRITE(6,110) (T(I),I-I,NX),ITER

WRITE(6,115) (XN(I),I-I,NX)

115 FORMAT(10F7.2)

ii0 FORMAT(10F7.2,I4)

RETURN

END

9999
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ANSYS INPUT LISTING

/PREP7

/title ROD BETWEEN TWO WALL IN AIR ENVIRONMENT

kan, -i

KXX, i, 9.4

N,I

N, 9,2

FILL, I, 9

N, i00, I, 1

ET, I,32

R,I, .02182

E,I,2

rpS, i, 1

NT, i, TEMP, 32

NT, 9, TEMP, 212

ET,2,34

TYPE, 2

HF,2,1.14

MAT, 2

R,2, .06545,0,0

REAL, 2

E,2,100

rp6, 1

NT, i00, TEMP, 70

KBC, 1

ITER, -100, I00, I00

LWRITE

AFWRITE

FINISH
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ANSYS OUTPUT LISTING

THIS IS THE ANSYS(R) ENGINEERING ANALYSIS SYSTEM

COPYRIGHT(C) 1971. 1975o 1952, 1983, 1985, 1957, 19|9

SNANSON ANALYSIS SYSTF_J.q° INC, AS AN UNPUBLISfED WCRK.

PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION, OR DUPLICATION

IS PROHIBITED. ALL RIGHTS RESERVED.

IF RUNNING INTERAETrVELY, ENTER /INT_

1

o-***-,,** ANSYS INPUT DATA LISTIHG (FILEI|) **''°'****

i /input° input

2 /input, 27
3 finish

•-*.* INPUT SNITCHED FROI4 FILZII TO FILE3| NAME-inpt_
I AMSYS - ENGINEERING ANALYSIS SYSTEM RZVISIGH 4.4 SVERDRUP TECN. MAY i, 1989

ANSYS(R) COPTRIGNT(C) 1971, 1971, 1982, 1983, 1905, 1987. 1989 SWANSON ANALYSIS SYSTEMS, INC, AS UMPUBLISV_D WORK.

PROPRIETARY DATA - UNAUTHORIZED USE. DISTRIBUTIGH OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.

FOR SUPPORT CALL GARY HEI_ICX PHONE 1205) 722-7460 TWX

TITLE 12.5233 SEP 4,1990 CP- 2.133

• **** ANSYS ANALYSIS DEFINITION (PREP?) *'****

_EW TITLE- ROD _TWEEN TWO NALL IN AIR ENVI_NT

ANA/,YSIS TYPE- -1 {THERPk_L ANALYSIS)

MATERIAL 1 CC_FFICIENTS OF K_ VS. TE_ EOUATIGH

CO - 9.4000OO

pROPERTY TABLE KX_ MAT" 1 HUM. POINTS- 2

TEMPERATURE DATA TE_ZRATURZ DATA
-9999.0 9.4000 9999.0 9.4000

NODE 1 KCS- 0 X,¥,_- 0.00000E+O0 0.00000E+00 0.00000E+00

NODE 9 EC$- 0 X,Y,Z" 2.0000 0.00000E+O0 0.00000S+00

FILL 7 POINTS BETWEEH NCOZ 1 AND HOOZ 9

START WITH NODE 2 AND INCI_ BY 1

NODS 100 KCS" 0 X,Y,Z" 1.0000 1.0000 0.00000E+00

ELEMENT TYPE 1 USES STIF 32

KEYOP T ( 1 - 9 ) " 0 0 0 0 0 0 0 0 0

1NOTPR- 0 NUMBER OF NODES'' 2

CONDUCTING BAR° 2-D

CURRENT NODAL DOF SET IS TE_

TWO- DIMENS IOMAL STRUCTURE

REAL CONSTANT SET 1 ITEMS 1 TO 6
0.21820E-01 U.00000S+00 0.00000E÷00 0.00000E+00 0. 00000S+00 0. 00000S+00

ELEMENT 1 1 2

ELEMENT 2 2 3

ELEMENT 3 3 4

ELF_NT 4 4 5

ELEMENT 5 5 6

ELEMENT 6 6 7

ELEMENT 7 7 8

ELEMENT a 8 9

SPECIFIED TEMP. DEFINITION FOR TEMP FOR SELECTED NODES IN RANC_ 1 TO I BY

VALUES- 32.000 ADDITIONAL DOFS-

SPECIFIED TEMP. DEFINITION FOR TE_ FOR SELECTED NODES IN RAJ4GE 9 TO 9 BY

VALUES- 212.00 ADDITIONAL DOFS-

ELEMENT TYPE 2 USES STIF 34

KEYOPT (1-9)- 0 0 0 0 0 0 0 0 0

INOTPR- 0 NI_ER OF NODES- 2

CONVECTION LINK

CURRENT NODAL DOF SET IS TE_

TWC" DIMENS IONAL STRUCTURE

ELEMENT TYPE SET TO 2

MATERIAL 2 CCf, FTICIENT5 OF MF VS. TE_ EQUATION

CO - 1.140000

PROPERTY TABLE }iF MAT" 2 HUM. POINTS- 2

TEMPERATURE DATA TE_ERATURE DATA
-9999.0 1.1400 9999.0 1.1400

MATERIAL NUMBER SIT TO 2

REAL COHSTANT SET 2 ITEMS I TO 6
0. 65450E-01 0. 00000S+00 0.00000E+00 0.00000E+00 0.00000E+00 0. 00000E+00

REAL CONSTANT NUMBER" 2

ELEMENT 9 2 i00

ELEMENT i0 3 i00

ELEMENT ii 4 1O0

ELEMENT 12 5 i00

ELEMENT 13 6 100

ELEMENT 14 7 I00
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SPECIFIED TE_. DEFINITION F_)R TEMP FOR SELECTED NODES IN RANGE i00 TO
VALUE S_ 70.000 ADDITIONAL DOFS-

STEP B_ART CONDITION l_T- i

NI TTER- -100 NPR Ilrl__. 1DO MPOST_ 100

USE CONVERGENCE AND/ON TI)_Z STEP OPTIMIZATION

BOUNDARy CCNDITION ST_ OR RAMP DEPENDENT UPON _ COMMAND.

ALL PRINT CONTROLS RESET TO ZOO

ALL POST DATA FILE CONTROLS RLqET TO 1DO

LOAD STEP i WRITTEN ON FILE23

°** NOTE ***

DATA CHECKED - NO FATAL ERRORS FOUND.

CHECK OUTPUT FOR POESIELE W_ING MESSAGES.

I_S DATA READ FRON FILE23

*t. PREP7 GLOBAL STATUS it*

TITLE- ROD BETWEEN TWO ttqLL IN AIR ZNVIK(]NMENT

ANALYSIS TYPE- -1

NU_ER OF ELIg4ZNT TTPE_- 2

14 ELEMENTS CURRENTLy SELECTED. MAX EI_JeNT NI_ - 14

1O NODES CURRENTLY SELECTED. MAX NGOE NUMBER - 100

MAXIMUM LINEAR PROPERTY HUM_J_R- 2

MAXIMUM REAL CONSTANT SET _J, mER- 2

ACTIVE COORDINATE SYSTEM- 0 |CARTESIAN)

NUMBER OF HCOAL TEMPERATURES- 3

ANALYSIS DATA WRITTEN ON FILE27

ALL CURRENT PREP7 DATA WRITTEN TO FILEIG MA/_- filel6.dat

FOR PC_SIBLE KESU_ FI_ THIS POINT

100 BY 1

*'*** ROUTINE C_LETZD ***t* CP - 3.017

*'**" END OF INPUT ENCOUWTERED ON FILE3|. FILE38 RENOUND

"'''" INPUT FILE SNITCHED rRGH PILE38 TO FILE18

****" INPUT SWITCHED FROM FILZI8 TO FILE27 NA_tE-ftle27.dat

NEW TITLE- ROD BETWEEN TWO NALL IH AIR ENVIROMMENT

i ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4 SVERDRUP TECH. MAT 1,1989

ANSTS(R) COPYRIGHT(C) 1971, 1970, 1982, 1983, 1985, 1987, 1989 SWANSON ANALYSIS SYSTEMS, INC. AS UNPUBLISHED NORK.
PROeRIETART DATA - UNAUTHORIZED USE, DISTRIBUTION ON DUPLICATION IS PRC_IBITED. ALL RIGHTS RESERVED,

FOR SUPPORT CALL GARy HEIJqICK PHONE (205) 722-7460 TNX

ROD BETWEEN TND MALL IN AIR EN_qROR_fFJ(T 12.5244 SEP 4,1990 CP- 3,033

*'*'* NOTICE ***** THIS IS THE ANSY5 GENERAL PURPOSE

FINITE ZL_T C(]F_UTER PROGRAM. NEITHER SWANSON ANALYSIS

SYSTEMS, INC. NOR THE DISTRIBUTOR SUPPLYING THIS PROGRAM

ASSUHE ANY RESPONSIBILITY FOR THE VALIDITY, ACCURACy, (_
APPLICABILITY Cf ANY RESULTS OBTAINED FRON THE ARSTS SYSTEM.

USERS MUST VERIFT THEIR ONN RESULTS.

ANSYS(R) COPYRIGHT(C) 1971, 1971, 1982, 1983, 1985, 1987, 1989
SWANSON ANALYSIS SYSTE/tS, INC. AS AN UNPUBLISHED WORE.

PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION, OR DUPLICATION
IS PROHIBITED. ALL RIGHTS RESERVED.

SWANSON ANALYSIS SYSTEMS, INC. IS ENDEAVORING TO MAKE THE

ANSTS PROGRAM AS CC_LETE, ACCURATE, AND EAST TO USE AS

POSSIBLE. SUGGESTIONS AND CCI4_S AJ_ NELCC_D. ANT

ERRONS ENCOUNTF_qZD IN EITPIR THE DOCUMENTATION ON THE

RESULTS SHOULD BE IMMEDIATELY WROUGHT TO OUR ATTENTION.

***** ANALYSIS OPTIONS *•*t*

VALUE

ANALYSIS TYPE ........ -I

*'**** ELI_ TYPES •****

TYPE STIF DESCRIPTION

Nt_BEROFZLYJ4_BT _ER- 2

SETOPTIONS NJI_R

123 456 789

NO.
*'*** TABLE OF EI.,Z.MENT REAL CONSTANTS *****

MUTER OF REAL CONSTANT SETS- 2

*'*** ELEMENT DEFINITIONS •'''*

ELEMENT NODES MAT TYPE ELEMENT REAL CONSTANTS

I-3-21



SNITCHED TO FIXY.,D fORMAT INPUT

INTEGER STORAGZ RETIREMENTS FOR ELEMENT INPUT CP-

FIXED DATA -- 1034 TE/eORART DATA - 200 TOTAL_ 1234

FIXED AVAIL_ 1000000 TFJfORARY AVAIL-" 1000000 TOTAL AVAIL- 1000000

MAXIMUM NODE NUMBER _ AVAILABLE AUXILIARY MEMORY SIZE-- 499412

H_R Of ELEMENTS - 14 MAXIMUM NOOE NUMBER USED - I00

3.167 TIME- 12.52444

NODE

***** MODE D_FINITICI_S **'**

LOCATION ROTATION ( D_GREF..S |

X y THAT

(OR A) (OR TMETA) (OR RT)

SNITCHED TO FIXED FORMAT INPUT

XMIN- 0.0000E+00 _tX- 2,000 YMIH- O.0000E+00 YMAX- 1.000

INTEGER STORAGE RZ_JIREMENTS FOR NOD_ INPUT CP--

FIXED DATA - 1034 TEMPQRARY DATA - 600 TOTAL° 1634

FIXZD AVAIL- 1000000 TERP(]_J%RY AVAIL- I000000 TOTAL AVAIL- I000000

MAXIMUM MO_ NUMBER FOR AVAILIJ_LE AUXILIARy MEMORY SIZE- 3329|e

ZMI_- 0,0000E+00 ZMAX- 0.0000Z+00

3.217 TIME- 12.52444

**'** MATERIAL PNOPZRTIE3 *'***

MAXIMUM MATERIAL NVHBER- 2

NODE

*'*'* MASTER DEGREES OF FREEDOM *****

DEGREES OF FREEIX_ LIST

_MBER or SPECIFIED MASTER D.O.F.- 0

TOTAL N_ER OF MASTER D.O.F. 0

INTEGER STORAGE RE_JIREMZNTS FOR MATERIALS, ETC. INPUT CP- 3.317 TIME- 12.52472

FIXED DATA - 34 TER_D_ARY DATA - 0 TOTAL_ 34

FIXED AVAIL" i000000 TE/_=ORARY AVAIL- 1000000 TOTAL AVAIL- i000000
1 PJ_SYS - ENGINEERING ANALYSIS SYSTEM RZVISIOP 4.4 5VERDRUP TECH. MAy 1,1959

ANSYS(R) COPTRIGHT(C) 1971, 1978, 1902, 1963, 19|5, 1987, 1989 SNAMSOP ANALYSIS SYSTEMS, IND, AS UNPUBLISHED WORK.

PROPRIETARY DATA r _NAUTNORIZES USE, DISTRIBUTIOP CA DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.

FOR SUPPORT CALL GART HZLMICK PHONE (205) 722-7460 TWX

ROD BETWEEN TWO WALL IN AIR ENVINOmqF, NT 12.5247 SEP 4,1990 CP- 3.400

LOAD STEP _R- 1

*** LOAD OPTIONS SUMMARY *'*

TI_ - 0.00000E+00 (TIRE AT END OF LOAD STEP)

NITTER- -i00 (ND_BER OF ITERATIONS)

TUNIF - 0.0000 (UNIFORM TEMPERATURE)

_C i (LOADS STEPPED TO FINAL VALUES FOR ALL ITERATIONS)

KRF - 2 (PRINT SUMMARY OF HEAT FLOWS AT FIXED TER_. NODES)

TCR - i. 0000 (TEMPERATURE CONVERGENCE CRITERION)

TOCR - 10.000 (TRANSIENT OPTIMIZATION CRITERION)

NPRINT- i00 (OVERALL PRINT FREQUENCY)

_POST - 100 (C_ERALL POST FR_I/ZHCY)

DISPLACEMENT PRINT FREQUENCIES

FP, EO RSTRT NSTOt _ NINC

100 1 999999 1

ELE_SNT PRINT AND POST FREQUENCIES

TYPE STIFF STRESS FORCE STRESS STRESS FORCE

NO. PRINT PRINT POST LEVEL PC_T

i 32 I00 I00 I00 3 100

2 34 I00 100 I00 3 i00

• '''" LOAD SUMMARY - 3 TEMPERATURES 0 f_AT FLOWS 0 CONVECTIONS "*'**

INTEGER STORAGE REplaNTS FOP LOAD DATA INPUT CP-

FIXED DATA - 90 TEMPCRARy DATA - 0 TOTAL- S0

FIXED AVAID_ 1000000 TZMPC_RY AVAIL- 1000000 TOTAL AVAIL- 1000000

RANGE OF ELER_NT MAXIMUM CONDUCTIVITY IN GLOBAL COORDINATES

3.433 TIME-- 12.52472

_XI_M- 0.|20432E+00 AT ELEMENT |.

MINIMU_ 0.746130E-01 AT ELEMENT 14.

INTEGER STORAGE REQUIREmeNTS FOP ELEMENT FORMULATION CP-

FIXED DATA - 90 TEMPORARY DATA - 0 TOTAL- 90

FIXED AVAIl,* I000000 TE/_(3RARY AVAIL- i000000 TOTAL AVAIL- I000000

"*" ELE_NT STIFFNESS FORMULATION TIMES

TYPE NUMBER STIF TOTAL CP AVE CP

1 8 32 0.033 0.004

2 6 34 0.000 0,000

3.700 TIME- 12.S2$00
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TI_ AT END CF Z1_ STIFFME$S'F_IATION CP- 3.700

MAXIP_N IN-CCRE _ IeROMT _ FOR RIQUESTED /4ER_RY SIZE- 997,

INTEGER STO_ RE_TIR.IU,_S F(_ NAVE FI_T MATRIX SOLUTI(_ CP-

FIX]_D DATA - 90 -_T DATA -- |I TCrrAL - 171
FIXZD AVAIL- 1000000 T_qART AVAIL- 1000000 TOTAL AVA/L- 1000000

3,783 TII_ 12.52520

MAXINUN IN-CORE NA_ FRCI_ 7.

HATRIX SOLUTION TINKS

READ IN EL_NT STIFf--SEE CP- 0.000

NCOAL C_. T_SFORNATIOM CP-- 0.000

NATRI X TRIANGUL_ I ZATION CP- 0.033

TIME AT END CF MATRIX TRIANG_IZATION C_-

EQUATI(SN 5OLV_ NAXIRR/M pI%'CrT_ 1.7155 AT

EOUATION SOLV_ MINIM PI%_ 0.71172 AT ND_

INTEGER STORAGE RECNIRF._NTS F_ _LACK E_NISTZTUTION

FIXED DATA - 90 TERP(N%ARY DATA - 204

FIXED AVAIL- I000000 TFJ4POR_T AVAIL- i000000

"'* ELEN. NT. rlx2R CALC. Tllmff._

TYPE N_R STIF TOTAL CP AM CP

1 0 32 0.000 0.000

2 6 34 0.000 0.000

*'* NDDAJ_ HT. FL_ C_. TI_
TYPE N_IBEE STIF TOTAL C_ AVE CP

l | 32 0.000 0.000

2 6 34 0.000 0.000

*** LOAD STEP 1 ITER 1 C(_PLETED.

INTEGER STORAGE RE_IRFJ_S FOR P-_T FL_ C_UIJtTION$

FIXED DATA -- 90 TE_(_Y DATA - 600 TOTJt_
FIXED AVAIL- i000000

3.7 |3

2. TER_

7. TER_

CP-

TOTAL- 294

TOTAL AVAIL- 1000000

3.817 TII_ 12.5252|

TINE- 0.000000E+00 TIME INC- 0.000000E+00 NEW TRIANG MATRIX

CP- 3.933 TIP_," 12.52520

690

TOTAL AVAIL- 1000000TENPQRARY AVAIL- 1000000

CUM. ITER.-

"** STORAGE REOUIRES_NT St_UL_RY
MAXIMUM FIXED MEMDRT USED 1034

MAXIMUM TEk_ORARY _ET USED- 600

N_XIMUM TOTAL _RIDRT USED 1634

_%XI_ TENPCx_uqy AVAIL_LE - 99990|

*.* PROEL_ STATISTICS

NO. OF _%ETI_ DEGRIJ_S (IF FREE_ -

R.N.S. NAVEFR(St/T SIZE - 4.5

"** AJqSYS BINPJ_T FILE STATISTICS
BUFFER SIZE USED" 2048

POST DATA WRITTEN CW FILE12

RESTART DATA MITTEN ON FILE03 ( 13324 BYTES)
TE_ERATURES WRITTEN ON FILE04

TEMPERATURE INCRF_NT - 0.00000E+00 AT N(X)E 1 CRITERION " 1.0000

*** LOAD STEP 1 ITER 2 C_LETED. TI_ 0.000000E+00 TIME INC" 0.000000E÷00 HEW TRIANG MATRIX CUM. ITER.-

*** SOLUTION CONVERGED - L_ STEP 1 CO_NERG_DAFTER ITERATION 2 C_i. ITER.- 2

NEXT ITERATION (IDENTIFIED AR ITERATION 100) SATISFIF, S PRINTOUT OR P_T DATA NEOUEST.

I A_$¥S - ENGIh'EERIHG ANALYSIS SYSTEM REVISION 4.4 SVERDRUP TECH. MAY 1,1989

ANSY$1R) CCeTRIGHT(C) 1971, 197|, 1912, 19|3, 1943, 1987, 19|9 SWANSON ANALYSIS SYSTEMS, INC. AS UNPUBLISHED NDRK.

PROtPRIETAR¥ DATA - UNAUTHORIZED USE, DISTRIBUTION ON DUPLICATION IS PROHIBITED. ALL RIGHTS RE.SERVED.

FOR SUPPORT CALL GARy _]J41CK PHONE (205) 722-7460

ROD BETNEER T_ _ IN AIR EN_HOI4MENT 12.5256 SEP 4,1990 CP _ 4.133

• *.** TE_EPA_TRE SOLUTION ***t* TI_ - 0.00000E+00 L_ STEP- i ITERATIOH- i00 CUM. ITER.- 3

NODE TE/_ N(_E TEI_ NCOE TE_ NCOE T_ MODE TFJ_

i 32.000 2 50.501 3 67.229 4 83.705 5 101.43

6 122.01 7 147.32 | 179.66 9 212.00

100 70-000

MAXIMUM TE/_ERATUR]_ 212.00 AT MODE 9

MINIHU_ T_I_ERATUIU_-- 32.000 AT MOGE 1

***** ELF, J_T HEAT _ RATE,I ***** TI/_ -- 0.000000E+00 L_AD STEP- 1 ITEE.-

EL* I NODES- 1 2 LENGTH- 0.2S00 AREA- 0.2182E-01 TER_II,J) * 32.0

EL- 2 NODES-- 2 3 LE]_- 0.2500 AREA- 0.21|24-01 TER_II,J) - 50.5

EL- 3 NODES- 3 4 LENGTH- 0.2500 AREA- 0.21|2E-01 TEMP(I,J) - 67.2

EL-- 4 NODES- 4 S LENGTH- 0.2500 AREA- 0.21i24-01 TE/4P(I,J) - 03.7

EL- S NODES- 3 6 LENGTH- 0.2500 AREA- 0.21824-01 TE_(I,J) - 101.4

EL- 6 NODES- 6 7 LENGTR- 0.2500 A_- 0.21024-01 TFJ4P(I,J) - 122.0

EL- 7 NODES- 7 i LENGTH- 0.2500 AREA- 0.21524-01 TENP(I,J) - 147.3

EL- 8 NODES- i 9 LENGTH- 0.2500 AREA- 0.21824-01 TE/4P(I,J) - 179.7

EL-- 9 NODES- 2 100 HFILM- 1.140 AREA- 0.65454-01 TE_(I,J)- 50.5

100 CUM. ITER.- 3

50.5 JilT RATE- -15.179

67.2 KEAT RATE- -13.724

|3.7 HEAT RATE- -13.517

101.4 HEAT RATE- -14.540

122.0 HEAT RATE- -16.815

147.3 HEAT RATE- -20.765

179.7 HEAT RATE- -2G.534

212.0 HEAT RATE- -26.534

70.0 HEAT RATE- -1.454%

2D COND BAR 32

2D COND BAR 32

2D COND _ 32

2D COND BAR 32

2D COND BAR 32

2D COND BAR 32

2D COND _ 32

2D COND B_ 32

C(_ LINK 34
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EL- i0 NC_)ESo 3 100 E_IIJ_ 1.140 AREA- 0.6545E-01 TERnP(I,J)- 67.2 70.0 HYwAT RATE_0.20676 COWV LINK 34

EL_ ii NOD_So 4 i00 NPIIJ%- 1.140 AREA- 0._S4SE-01 TDIP(I,J)- 83.7 70.0 HEAT RATE- 1.0226 CO_rV LINK 34

EL_ 12 NODES_ S i00 NPIIJ4- 1.140 AREA- 0.6545E-01 TE_(I,J)- 101.4 70.0 HEAT RATE- 2.344% CCWV LINK 34

EL_ 13 NODES- 6" i00 IQrZIJ_ 1.140 PUKKA-- 0.6545E-01 TE_(I,3)- 122.0 70.0 HEAT RATE- 3.||04 CONV LINE 34

EL- 14 NODE_ 7 i00 HFIIJ_ 1,140 _- 0.6545E-01 TF_(I,J|- 147.3 70.0 HEAT RATE- 5.7689 COWV LINK 54

I ARSTS - EWGII_ING AJ_YSIS SYSTE_ REVI$1(_NI 4.4 S_RUP TECH. MAY 1,1909

_SYS(R) CCWYRIGNT(C) 1971, 1976o 1982, 1683, 1945, IS|7, 1989 SM_d_S(_ _YSIS SYSTFJ4S, INC. _ U/_/BLISHED WORX.
PRC_RIETARY DATA - UNAUTHORIZED USE, DISTRIEUTI(_ OR DI]PLICATION IS PROHIBITED. ALL RIGHTS RESERVe.

FOR SUPPORT CA I.T-C_T HEIJ(ICK PHONE (205) 722-7460 TWX

POD BETNEEN TWO I_LL IN AIR ENVIROI_T 12.5256 SEP 4,19S0 CP- 4.267

**"*" NCOAL }_,AT FIa_ RATES ****o TINE - 0.00000E+00 L_ STEP- 1 ITE_UETION- i00 CIIM. ITKR.- 3

NOTE - HEAT FLOM RATF, S ARE POSITIVE INTO THE MODE.

SPECIFIC HEAT FLOUS ARE NOT INCLUDED.

NCOE HEAT

1 -15.17|9

9 26. 5340

i00 -ii .3S51

TOTAL 0.17763Q-14

TEFIPERATURE INCR_XT - 0.0000OK+00 AT /_ODE 1 CRITERION - 1.0000
-." L_D STEP 1 ITER 100 _LETED. TIME- 0.000000E+00 TIJ4E IKC- O.000000E+00 N_ TKI_JCG MATRIX CIJM. ITER.-

,-*** END OF INPUT ERCOUt_ 01¢ FILE27. FILE27 RENOUWD

"**'" INPUT FILE SWITC31_ FROM FILE27 TO FILEI|

I AMSYS - ENGINEERING _YSIS SySTFJ( I_ISIOI_ 4.4 S_DRUP TECN. MAY 1,1959

ANSYS(R) COFTHIGHT(C) 1971, 1971, 1952, 19|3, 1915, 1917, 1969 SNN(SOt_ AJ(ALYSIS SYSTEMS, INC. AS UNPUBLISHED WORK.

PKOFRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS pROHIBITED. ALL RIGHTS RESERVED.

FOR SUPPORT CALL GARY HELMICK PHONE (205) 722-7460 TWX

ROD BETWEF_ TWO WALL IN AIR EN'_qPOlOIENT 12.5256 5EP 4,1990 CP- 4.333

•*''* AJ_SYS SOLUTION P_E Rt_4 TINE ESTIHATOR *****

COI_UTER - TEK XD6$ ICUMBEK Otr frOSTER DOt r - 0

AHALYSIS TYPE - -I P,HS l_rE PRC_ - $

ND_ER OF ACTIVE NODES - | TOTAL NO. OF ITERATIONS -

MAX. D(X r PER NOI)_ - 1 STIFF. MATRIX SAVE KEY - 0

NIJ)(BER OF MATRICES - I ELEM. MATRIX SAVE NEY - 0

NIJt_ER OF STRESS SOLUTIONS- 1 ROTATED NODE FRAOTIOW- 0. 000

STIF ND)_ER FORM. TINE STRESS TI_ NA_

32 | 0.001 0.001 COHDUOTING BAR, 2-D

34 6 0.001 0.001 COWVEOTIOH LINE

FIRST SUBSEQ_,NT
AJ_ALYS IS PH_E ITERATION ITERATIONS TOTAL

ELECT FORJ41/IATIO_4 0. Ol 0.01 0.04

HODE RCerATION 0.00 0.00 0.00

NAVE FRONT SOLUTI(X4 0.00 0 •00 O. O0

BACK SUBSTITI/TION 0.00 0.00 0.00

EL_T STRE.SSES 0.01 0 .01 0 .01

NODAL FORCES 0. O0 0 •O0 0 •O0

TOTAL TItlE (S£C) 0.02 0.02 0.05

"-*-" ROUTINE C_W_LETED '''** CP - 4.367

"**'* END OF INPUT ENCOUNTERED ON FILE1|

PREP7 AFI#RITE OR SFNEITE WARHING /_$SAGES - 0

N_J_ER Of SOLUTION PH_E NPQ_MING I_SA_S - 0

'''*" NUN CCI_PLETED **''" CP-- 4,3833 TIJ_ 12.5256
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E, Closing Comments:

In_this section, four methods are used to solve a one-dimensional, steady state
heat conduction problem. This particular problem involves a circular, homo-
geneous rod for which the end temperatures are fixed and the surface is subject

to convective losses. Three numerical solutions, obtained using a f'mite difference
method (SINDA), a finite volume method, and a finite element method (ANSYS),
were found to compare favorably with the closed-form solution. Following the
development of a transient formulation, it has been further demonstrated that the
numerical solutions to the transient problem are in agreement with the cor-
responding closed-form solution.

IV. References:

Patanker, S.V.; Numerical Heat Transfer and Fluid Flow; Hemisphere Publishing;

Washington D.C.; Copyright 1980
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CHAPTER 1: S_rEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 4: Steady State Conduction in a Section of a Homogeneous Ring,
with Convection

ANALYSIS CODE: SINDA (Gaski Version)

I. Identification of the Problem:

A. Statement of the Problem:

Consider the segment of a circular ring, shown in Figure 1. The inner and outer
radii of the ring are 25 and 40ram, respectively. The thickness of the ring is 10mm.
Heat is transferred to the segment at the rate of 100J/sec (100W). The surrounding
fluid is at a temperature of-200°C and flows over the surfaces of the segment such
that the convective heat transfer coefficient, known to depend upon the film
temperature, is given by

h = 0.6523 Tfima + 188.06

Units for h are J/m2sec °C (or simply W/m 2 °C). Find the steady state temperature

of the segment if the "ends" of the segment axe insulated.

ent fJ/J

10ram

Figure 1. One eighth segment of a 40 x 10mm homogeneous ring

1-4-1



B. Schematic:

(l- 100J/see

insulation

h = 0.6532Trttm + 188.06

"Is = -200 °C

II.

Schematic of ring segment showing insulated end "panels". Heat
flux per unit of exposed surface area is constant and uniform.

C. Given:

.

2.
3.
4.

.

Circular segment is homogeneous
Physical dimensions of the segment are furnished
Ambient temperature is -200°C
Convective coefficient is temperature dependent and is defined as a function

of Ttihn

Rectangular end "panels" of the segment are insulated

D. Find:

1. Steady state temperature of the segment

Formulation of the Problem:

A. Simplifying Assumptions:

o

2.
3.
4.

Uniform thermal properties throughout the segment
Temperature dependent heat transfer coefficient
Steady state heat transfer
Uniform heat flux of 100W

B. Initial/Boundary Conditions:
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Co

,

2.

Ini_al conditions have no significance as the problem involves a steady state
analysis
The only boundary condition given is that which applies to the surrounding
fluid, namely T s ---'-200°C

Discretization:

For the problem at hand, the analysis is performed assuming steady state heat
transfer. The segment of a circular ring is modeled using one diffusion node and a
single boundary node. Figure 3 shows the 2-node model used to analyze the
problem. The diffusion node is labeled, 10, while the boundary node has been
assigned the label, 99. No arithmetic nodes are necessary and none have been
included.

10

®
-99

®
-99

Figure 3. Nodal layout of the SINDA model
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III. Analysis:

A. The Input Deck:

The input deck presented on the following page is not unlike those which
accompany previous examples. The only note-worthy difference is that the
VARIABLES 1 block is now used to model a temperature dependent convective
heat transfer coefficienL In this case, the conductance of the conductor connecting

node 10 to (boundary) node 99 is calculated within the VARIABLES 1 block. The
included input deck provides a clear but simple example of the type of internal
calculations possible using the VARIABLES 1 block. The value given for
conductor 1099 is an initial value which SINDA will use for the first iteration.
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C

C

C

M

SINDA INPUT LISTING

BCD 3THERMAL LPCS

END

BCD 3NODE DATA

GEN i, 2, i,-200., I.

10,-200.0,1.

-99,-200.0, 1.0

END

BCD

END

BCD

END

BCD

3SOURCE DATA

10,100.0

3CONDUCTOR DATA

1099, I0, 99, 4. 183E-02

1,1,2,1.

2,1,99,1.

3CONSTANTS DATA

NLOOP=I000

DRLXCA=.001

ARLXCA-.001

NDIM=I500

3ARRAY DATA

END

BCD

END

BCD 3EXECUTION

CALL STDSTL

END

BCD 3VARIABLES 1

GI099-- (0. 6532* (TI0+T99) /2 .+188.06) *1.276E-03

3VARIABLES 2

END

BCD

END

BCD 3OUTPUT CALLS

CALL TPRINT

END

BCD 3END OF DATA
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SINDA OUTPUT LISTING

(C) COPYRIGHT 29|2,1903o1984,1985,1956,1957 J.D.C._SKI SINDA/19|7/AN$I 2.31 METNORK ANALYSIS ASSOCIATES, INC. - PAGZ

"'" NOTE " • STDSTL REQUIRE.S 2 DYNAMIC $TORAGZ U3CATIONS OUT OF 1497 AVAILABLE *re

TIPE- 0.00000g+0O, DTI_U- 0.00000E+00, CSGI4IN( 0)- 0.0000OR+00, ATMPCC( 0)- 0.000O0g÷00, DTHPCC(

LOOPCT.- 0 , ARLXCC( 0)- 0.00000[+00, DRLXCC(

÷ , 5ENGIN- 1.00000B+02, ZNGBA1,- 1.00000[+02

T 10 - -200.0000 T 99 - -200.0000 T

STDSTL RUN, ANLECA-0.1OOOOE-02, DP,LKCA--0.10000E-02, BALENG-0.10000E+31, BF,J4OIZ-0.$0000_'÷30o NI_OP- 1000

• "" MOTE *'" RELAXATION CRITERIA HAS EZZN MET WITH IEOPCT - 41

EMGBAL - 0.000000 AT LOOPCT - 41

• ** _YTZ *** SYSTEM ENERGY BAIJ_NCE CRITERIA HAS BEER MET, ENGBAL - 0.000000 , LOOPCT - 41

EBNOOZ( 10)_0.113352E-03 AT L(3OPCT- 41

**" NOTE "** NODAL ENERGY _LIAI4CZ CRITERIA HA3 BEZN _T, ZBNCOZ( 10)_0.113352E-03, LOOPCT - 41

ill* •t•ett*t*et••

TI_" 0.00000E+00, DTZ_U- 0.00000Z+00, CSC4qIN( 0)" 0.00000E+00, ATMPCC( 0)- 0.00000Z+00, DTMPCCI

LOOPCT- 41 , ARLXCC( 0)- 0.00000E+00. DP,LXCC(

+ , SENGIN" 1.00000E+02, ERGB/tL'-1.14441E-04

T I0 - 209.7734 T 99 - -200.0000 T

0)- 0.00000E+00

0)- 0.00000Z+00

0)- 0.00000E+00

10)- 6.71357E-04
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IV. Presentation

A.

B ,

and Discussion of Results:

Presentation of Results:

Results obtained from SINDA are given on the previous page. The nodal
temperatures are printed in degrees, Celsius. According to information given in the
output deck, the steady state temperature of the segment is approximately 209.8 °C.
The surrounding temperature has been conserved, as would be expected.

Generation of Alternate (Exact) Solution:

Assuming steady state heat transfer, there may be no net heat flux. Therefore,

ZQ = Zci = ZClin - Zciout - 0 (1)

From the statement of the problem, it is clear that there is only one source of heat
transfer to the segment and that

ZCli, = 100J/sec = 100W (2)

Neglecting heat loss via radiation, there is but one mode of heat loss from the
segment. Hence,

ZCiout = hAsAT = hAs(T-T.), (3)

where As denotes the exposed surface area of the segment and h is given by

h= 0.6523 Tra m + 188.06

Generally, the film temperature is defined as the mean temperature,
such that

h= 20_T + T.)+ 188.06

from which

or

h= 0.3262(T - 200) + 188.06

h= 0.3262T + 122.82

Substitution of (5) into (3) gives

ZCiout = (0.3262T + 122.82)As(T- T..)

= (0.3262T + 122.82)As(T + 200)

(4)

(T+T**)

2 ,

(5)

(6)
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and substitution of (6) and (2) into (1) gives

100-[(0.3262 T + 122.83)Aj(T + 200)] = 0 (7)

in which the only unknown values are A s and T. Because T is the parameter of

interest, A s must be calculatedbefore the steady state temperature may be obtained.

Recognizing that heat is lost only through convection, As is the sum of all (surface)
areas exposed to the surrounding fluid. Because the ends of the segment are
insulated, there are four exposed surfaces including the upper, lower, inner, and
outer faces. Therefore, A s is given by equation (8).

A s = Aup _ + Alowe r + Ainna + Aoumr

= 81[_(40mm 2 - 25mm2)] + 8l[_(40mm 2- 25mm2)]

= _2_(40mm X10mm)] + 8_N25mm x lOmm)] (8)

Simplifying (8) gives

As= 4_40mm2 - 25mm 2)

+ _(40mmX 10ram) + (25mmX 10mm)]

= 765.8mm 2 + 510.5mm 2

= 1276.3mm2 = 1.276 x 10"3m 2

Equation (7) then becomes

100J/sec -[(0.3262 T + 122.83)J/m2sec °C

x (1.276 x 10"3)m2(T + 200)°C] = 0

from which

100]/sec- [4.16x I0"4T2+ 0.240T + 31.346] = 0.

Furthersimplifying(10)yields

-4.16 x I0-4T2 -0.240T + 68.654 = 0

or

T 2 + 576.7T - 165033.6 = 0.

(9)

(10)

(11)
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V.

VI.

SOlving (11), for T, gives

T = 209.8 or T = -786.5.

Recognizing that the second value is unreasonable (as the surrounding temperature
is -200°C and heat is being add_ to the segment), the first value is accepted as the
actual steady state temperature. Hence,

Tsteady state = 209"8°C

and the exact solution matches that predicted by SINDA.

Closing Comments:

None

References Used:

None
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CHAPTER 1: S;rEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 5: Transient Conduction in a Segment of a
with Convection

Homogeneous Ring

ANALYSIS CODE: SINDA (Gaski Version)

I. Identification of the Problem:

A. Statement of the Problem:

Consider the segment of a homogeneous circular ring, shown in Figure 1. The
innerand outerradiiof theringare25 mm and 40 mm, respectively.The thickness

of the ring is 10 mm. Heat is transferr_ to the segment at the rate of 100 J/see
(100 W). The surrounding fluid is at a temperature of - 200 °C and flows over the
surfaces of the segment such that the convective heat wansfcr coefficient, known to
depend upon thefilmtemperature,isgivenby

h = 0.6532 Tram + 188.06

Units for h are J/sec m 2 °C (or W/m 2 °C). Find the transient temperature rise of the

segment ifthe "ends"ofthesegment arcinsulatedand theinitialtemperatureof

- 150 °C. Materialdensityis7700 kg/m 3 and thespecificheatof thesegment is460

J]kg °C.

ent

fffJ

fff/

,/'///

lOmm

Figure 1. One eighth segment of a 40 x 10 mm homogeneous ring
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B. Schematic:

insulation

/
Cl= 100 J/see

h = 0.6532Tfihn + 188.06"Is = - 200 °C

To=- 1500C

_\\\\\\\\'q

insulation

Figure 2. Schematic of ring segment showing insulated end "panels.

Heat flux per unit of exposed surface area is constam and uniform

C. Given:

.

2".

3.
4.

.

6.

Circular segment is homogeneous (has uniform thermophysical and
thermodynamic properties)
Physical dimensions of the segment are furnished.
Ambient temperature is - 200 °C
Convective coefficient is temperature dependent and is defined as a function

of Tram.

Initial temperature of the segment is - 150 °C.

Rectangular end "panels" of the segment are insulated.

D. Find:

1. Transient temperature rise of the segment

II. Formulation of the Problem:

A. Simplifying Assumptions:

.

2.
3.

Uniform thermal properties throughout the segment.
Uniform heat flux ofl00 W.

Steady state temperature of the segment is 209.8 °C (see solution to problem
1-4)

B . Initial/Boundary Conditions:

1. We are given that the segment is initially at a temperature of - 150 °C; that is
T(t = 0) = - 150 °C.
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Co

, 1:he only boundary condition given is that which applies to the surrounding
fluid, namely Ts = - 200 °C.

Discretization:

For the problem at hand, the analysis is performed to determine the temperature as a
function of time. Like the steady state formulation of the same problem (Chapter 1,
Section 4), the segment of the circular ring is modeled using one diffusion node and
a single boundary node. Figure 3 shows the 2-node model used to analyze the
problem. The diffusion node is labeled, 10, while the boundary node has been
assigned the label, 99. No arithmetic nodes are necessary and none have been
included.

10

®
-99

®
-99

III.

Figure 3. Nodal layout of the SINDA model

Analysis:

A. The Input Deck:

The input listing presented on the following page differs only slightly from that
developed in the solution of example 1-4. Indeed, the NODE, SOURCE,
CONDUCTOR and VARIABLES 1 data blocks are identical to those used in the

steady state analysis of problem 1-4; only the CONSTANTS and EXECUTION
blocks differ. For the transient case, relaxation parameters and loop counts have
been appropriately replaced. The constant, TIMEND, determines to what time the
analysis will be carried out. In this case, TIMEND = 360 indicates that SINDA will
simulate the transient response of the segment for 360 see. DTIMEI=I specifies the
time step to be 1 sec. OUTPUT = 5 partially supresses program output and causes
SINDA to print nodal temperature at 5 second intervals. In the EXECUTION
block, the FWDBKI., differencing routine has been selected to obtain the transient
solution to the problem.
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SINDA INPUT LISTING

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

3 THERIMAL LPCS

3NODE DATA

I0,-150.0,13.562

-99,-200.0,0°0

3SOURCE DATA

I0, I00.0

3CONDUCTOR DATA

I099,10,99,4.183E-02

3CONSTANTS DATA

NDIM-500

NLOOP-100

TIMEND-360.

DTIMEI-I.

OUTPUT-5.

BALENG-.0001

DRLXCA-0.001

ARLXCA-0.001

3ARRAY DATA

3EXECUTION

FWDBKL

3VARIABLES 1

GI099-(0.6532*(TI0+T99)/2.+I88.06)*I.276E-03

3VARIABLES 2

BCD 3OUTPUT CALLS

CALL TPRINT

END

BCD 3END OF DATA
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IV. Presentation and Discussion of Results:

A. Presentation of Results:

Results obtained using SINDA axe presented on the following pages. The
temperature of node 10, corresponding to each time step, is printed. Both nodal
temperatures are specified in degrees, Celsius. According to information given in
the output deck, the temperature of the segment monotonically increases from its
initial value of -150 °C to a final (steady state) value of 209.75 °C. The ring is
predicted to reach its steady state temperature of 209.75 °C in approximately 340
SCC.
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SINDA OUTPUT LISTING

(C] COPYRIGHT 19|2,1983,1984,1965,19|6.1957 J.D.GASK_ SIMDA/19e?/AMSI 1.31 NETNURI_ A_ALYSIS ASSOCIATES, INC. - PAGE i

**" NOTE *"* FWDBKL RiP, IRES | DYNAMIC STORAGE /X)CATZONS OUT OF 4%7 AVAILABLE ***
TIHEND-- 360.00 , CSGIeAC - 1.0000 , DTZJq_I- 1.0000 , NI,OOP- 100

TIMF, O - 0.00000 , Otr1?b'T- 5.0000 , DTII_M- 0.10000Z÷09, OTII_L- 0.00000

ARLXCA- 0.100008-08, ATIfCA- 0.00000 , DRI, XCA- 0.10000E-02, DTI_CA- 0.100008+09

EXTLIM- 50.000

........;.......;TIME- 0. 00008+0 0 DTIMZU- 0.000008÷00, CSG_IN( 0)- 0.000008+00, ATI_PCC( 01- 0.000008+00, DTI_PCC( 01- 0.000008+00

LOOPCT.- 0 , ARLXCC( 0)-- 0.000008÷00, DRLXCC[ 0)- 0.000008÷00

T 10 - -150.0000 T 99 - -200.0000 T

TI_- 5.000008+00, DTI_U- 1.000008+00. CSGMIN| I0)- 1.2|4048+02, ATMPCC( 0)- 0.000008+00, DTMPCC( i0)- 6.742718+00

DOOPCT- 2 , ARLXCC( 0)- 0.000008+00, DllLXCC( 10)- 0.000008+00

T I0 - -115.6259 T 99 - -200.0000 T

TIHE- 1.000008+01, DTZ_DEU- 1.000008+00, CSGMIN( I0)- 1.136158+02, AT_PCC( 0)- 0.000008+00o DT_PCC( 10)- 6.371198+00
I_OPCT- 2 , ARLXCC( 0)- 0.000008+00, DRLXCC( 10)- 0.000008÷00

T 10 - -|3.0067 T 99 - -200.0000 T

TIME- 1.500008+01. DTIE_U- 1.000008+00, CSGMIN ( 10)- 1.025028+02, ATMPCC( 0)- 0.000008+00. DT_CC( 10)- 5.962318+00

I_3OPCT- 2 , ARLXCCI 0)- 0.000008+00, DRLXCC( 10)- 0.000008+00

T I0 - -52.3634 T 99 - -200.0000 T

TI_- 2.000008+01, DTIHZU- 1.000008+00, CSGHIH( 10)- 9.393658+010 ATMPCC( 0)- 0.000008+00, DTIOCC( 10)- 5.527748+00

._I_3PCT- 2 , ,_RLXCC[ 0)- 0.000008+00, DRI, XCC( 10)- 0.000008+00

T i0 - -23.0482 T 99 - -200,0000 T

TIME- 2.500008+01, DTI_U- 1.000008+00, CSGHIH( 10)- L720378+01, ATPtPC_( 0]- 0.00000[+00• DTHPCC( 10)- 5.081058+00

LmDOPCT- 2 , ARLXCC( 0)- 0.000008+00, DRLXCC( 10)- 0.000008+00

T 10 - 2.4529 T 99 - -200.0000 T

TI_- 3.000008+01o DTI_U- 1.000008+00, CSGMIN) 10)- $.182958+01, ATMPCC( 0)- 0.000008+00, DTMPCC( i0)- 4.633738+00

I_OPCT- 2 , ARIJ(C_( 0)- 0.000008+00, DRLXCC( 10)- 0.00000E+00

T 10 - 26.5145 T 99 - -200.0000 T

TIME- 3.500008+01, DTIHEU- 1.000008+00° CSGMIN( i0)- 7.74|918+01, ATMPCC( 0)- 0.000008+00, DTMPCC( i0)- 4.195408÷00

LOOPCT- 2 , ARLXCC( 0)- 0.000008÷00, DRLXCC( 10)- 0.000008+00

T 10 - 48.3626 T 99 - -200.0000 T
2

I(C) COPYRIGHT 1982,1913,1968, 1985,1986, 1907 J.D.GASKI SINDA/1967/ANSI 1.31 HETU3RK ANALYSIS ASSOCIATES, INC. - PAGE

TIP_- 4.00000£+01 DTIMEU- 1.000008+00, CSGMIN(

LOOPCT- 2

T 10 - 66.0670 T 99 - -200.0000 T

TZHE- 4.500008+01 DTIMEU- 1.000008+00• CSGMIN(

1,OOPCT- 2

T i0 - 85.7283 T 99 - -200.0000 T

TIME- 5.000008+01 DTI_U- 1.000008+00o CSGMIN(

IEOPCT- 2

T I0 - 101.4717 T 99 - -200.0000 T

TI_- 5.500008+01 DTIMEU- 1.00000Z+00, CSGMIM(

IDOPCT-

T I0 - I15.4364T 99 - -200.0000 T

TIME- 6.000008+01 DTIMEU- 1.000008+00, CSGHIN(

L_OPCT"

T I0 - 12_.7692 T 99 - -200.0000 T

TI_- 6.50000E+01 DTIMEU- 1.000008+00, CSGMIN)

LOOPCT-

T I0 - 138.6189 T 99 - -200.0000 T

TIME- 7.000008+01 DTIMEU- 1.000008+00• CSGMIN(

L_OPCT-

T 10 - 148.1314 T 99 - -200.0000 T

10)- 7.394378+01, ATH_CC(

• ARLXCC(

10)- ?.102898+01, ATM!_CC[

, ARIJ(CC(

i0)-- 6.861538+01, ATMPCC(

, AJRLXCC(

0)- 0.00000E+00, DTMPCC(

0)- 0.000008+00, DRLXCC[

0)- 0.000008+00, DTMPCC(

0)- 0.000008+00, DRLXCC(

0)- 0.000008+00° DTMPCC(

0)- 0.000008+00, DRLXCC[

I0)- 3.773808+00

10)- 0.000008+00

10)- 3.3?4578÷00
10)- 0.000008+00

10)- 3.00177_+00

10)- 0.00000B+00

10]- 6.660588+01. ATMPCC( 0)- 0.000008+00, DTMPCC( 10)- 2.657658+00

, ARLECC( 0)- 0.00000E+00° DRLXCC( 10)- 0.00000E+00

i0)- 6.492528+01• ATM_CC( 0)- 0.000008+00, DTMPCC( i0)- 2.343148+00
• _CC{ 0)- 0.000008+00, D_CC( 10)- 0.O0000E+O0

10)- 6.35143E+01, ATH_CC[ 0)- 0.00000E+00, DTMPCC( 10)- 2.058358+00

, ARLXCC[ 0)- 0.000008+00, DRLXCC( 10)- 0.000008+00

0)- 0.000008+00, DTMPCC(

0)- 0.000008+00, DRLXCC(

10)- 6.232608+01, ATH_CC(

• ARLXCC(

I0)- I._0237E+00

I0)- 0.00000E+00
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TZP_- ?.50000E+01, DTZ_- 1.00000Z+00, CSGMIN[ 10]- 6.13226E+01, AT_PCC( 0)- 0.00000E+00, DTMPCC(

I_OPCT- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC(

T 10 - 156.4460 ?- 99 - -200.0000 T

*,*,let.**... .. • •

TI_- $.00000E+01, DTII_U- 1.0000OK+00, CSC,NIN( 10)0 6.04733E+01o AT_PCC( 0)- 0.00000E+00, DTMPCC(

LDOPC¢.- 2 , ARLXCC( 0)-0.00000E+00, DRLXCC(

T 10 - 163.696G T 99 - -200.0000 T

1(C) COPYRIGHT 19|2,1983,1904,19|5,1986,19|7 J.D.GASKI SINDA/19|T/ANSI 1.31 NKTNORK ANALYSIS ASSOCIATES, INC. - PAGE

10)- 1.57373E+00
10)- 0.00000£+00

10)- 1.37073Z+00

10)- 0.00000E+00

TIP_- |.50000E+01, DTIMEU- 1.0000OK+00, CSGMIN(
IZ_OPCT- 2

T 10 - 170.0030 T S9 - -200.0000 T

TIHE- 9.00000E+01, DTIMEU- 1.00000E+00, CSG24IN(

IZX_PCT- 2

T 10 - 175.4T?$ T 99 - -200.0000 T

tt.lIII..tQtttt.•

TildE- %.50000E+01, DTIMEU- 1.00000K+00, CSGMIN (
bOOPCT-,. 2

T 10 - 180.2227 T 99 - -200.0000 T

TII'E- 1.00000Z+02, DTI_BCU- 1.00000E+00, CSC.MIN(
LOOPCT- 2

T 10 - 1|4.3209 T 99 - -200.0000 T

I.**.,*,*e..*****

TI_- 1.05000K÷02, DTIMEU- 1.00000E+00, CSGMIN(

1,00PCT- 2

T 10 - I|?.$774 T 99 - -200.0000 T

**,•***.*m***t***

TIP_- 1.10000K+02, DTIMEU- 1.000DOK+00, CSGMIM(

LOOPCT- 2

T 10 - 190.9410 T 99 - -200.0000 T

•,•,*••****l•***t

TIP_- 1.15000K+02, DTIMEU- 1.00000K+00, CSGHIN(
IEOPCT- 2

T I0 - 193.$$32 T 99 - -200.0000 T

TI_- 1.20000E+02, DTIMEU- 1.00000K+00, CSGMIN(

LCOPCT- 2

T 10 - 195.i595 T 99 - -200.0000 T

me•e•#li••e••m•et

TI_- 1.25000K+02, DTIMZU- 1.00000E+00, CSGMIN(

bOOPCT- 2

T 10 - 197.|203 T 99 - -200.0000 T

IlC] COPYRIGHT 1982,19|3,1954, 1985, 1986,1987 J.D.GASKI

10)- 5.97532E+01, A'IIIPOC(

• ARLXCC{

0)- 0.00000B+00, D'n._cc(

0)- 0.00000E+00, DR,T.,XCC(

10)- 1.19141K+00

10]- 0.00000K÷00

10)- 5.91415K+01, ATMPCC( 0)- 0.00000K+00, DTMPCC( 10)- 1.03339E+00

, ARLXCC( 0)- 0.00000Z+00, DRLXCC( 10)- 0.00000E+00

10)- 5.|6213Z+01, ATI_CC( 0)- 0.00000K+00, D'I'HPCC( 10)- 8.95081£-01

• ARLXCC( 0)- 0.00000K+00, DRLXCC( 10)- 0.00000E+00

i0)-- 5.017|3K+01, ATMPCC( 0)- 0.00000K+00, DTMPCC( i0)- 7.74170K-01

, ARLXCC( 0)- 0.00000K+00o DRLXCC( 10)- 0.00000E+00

10)- 5.7|007K+01, ATMPCC(

• ARLXCC(

0)- 0.00000B+00, DTHPCC(

0)- 0.00000E+00, DRLXCC[

I0)- 6.6|701E-01

10)- 0.00000E+00

i0)- 5.74706K+01, ATHPCC[
• ARLXCC(

0)- 0.00000B÷00, D'II._CC(

0)- 0.00000K+00, DRLXCC(

10)* 5.TT087K-01

10)- 0.00000E+00

10)- 5.72036E+01, A21.[PCC(

, ARI..XCC(

0)- 0.00000K+00, DTHPCC(

0)- 0.00000K+00, DRLXCC(

10)- 4.9_49eE-01

10)- 0.00000B+00

10)- 5.69607E+01, A'_v.PCC(

. t,JU.,xcc(

0)- 0.00000K+00, D'I"HPCC(

0)- 0.00000E+00, DRLXCC(

10)- 4.285e9E-01

10)- 0.00000E+00

i0)- 5.67679E+01, ATHPCC( 0)- 0.000OOE+00, DTMPCC( I0)- 3.6895gE-01

, ARLXCC( 0)- 0.00000E+00, DRLXCC[ 10}- 0.00000E+00

SI_DA/1987/ANSI 1.31 NETWORK ANALYSIS ASSOCIATES, IKC. - PAGE 4

TIPJ_- 1.30000Z+02, DTIHEU- 1.00000K+00, CSGMIN(

bOOPCT- 2

T 10 - 199.5074 T 99 - -200.0000 T

TI_- 1.35000K+02, DTIF_U- 1.00000K+00, CSG)IIN(

LOOPCT- 2

T 10 - 200.9519 T 99 - -200.0000 T

TI_- 1.40000K+02. DTI_U- 1.00000E÷00, CSGMIN(

LOOPCT- 2

T 10 - 202.2063 T 99 - -200.0000 T

TIP_- 1.45000E+02, DTIMEU- 1.00000K+00, CSC,MIN(
LOOPCT- 2

T 10 - 203.2714 T 99 - -200.0000 T

TIP_2;- 1.50000K+02, DTIMEU- 1.00000Z+00, CSGHIN(

IJ_)PCT- 2

T 10 - 204.1996 T 99 - -200.0000 T

TZP_- 1.$5000E+02, DTIMEU- 1.00000E÷00, CSGMIN(
LOOPCT- 2

T i0 - 204.9907 T 99 - -200.0000 T

10)- 5.65963E+01, ATH_CC{ 0)- O.00000g+00, DTH_CC( 10)- 3.17505E-01

• ARLXCC( 0)- 0.00000g+00, DRLXCC( 10)- 0.00000E+00

10)- 5.64494E+01, ATMPCC( 0)- 0.00000K+00, DTMPCC( 10)- 2.93010E-01

• ARLXCC( 0)- 0.00000E+00, DR_XCC( 10)- 0.00000E+00

10)- 5.63235E+01, ATMPCC(
, ARLXCC(

10)- 5.62163E+01, ATMPCC(

• ARLXCC(

10)- 5.61242E+01, ATHPCC(

, ANLXCC(

0)- 0.00000Z+00, D']"H_CC(

0)- 0.00000E+O0, DRLXCC(

0)- 0.00000E+O0, D'_E'CC(

0)- 0.00000E+00, DRLXCC(

0)- 0.O0000E÷00, DTM_CC(

0)- 0.00000B+00, DRLXCC(

10)- 2.34619E-01
10)- 0.00000E+00

i0)- 2,01660E-01

10)- 0.00000£+00

10)- 1.73157E-01

10)- 0.00000E+00

10)- 5.60454E_01, ATH_CC( 0]- 0.00000E+00, DTMPCC( 10)- 1.45743E-01

• A_LXCC( 0]- 0.00000E+00, DRLXCC( 10)- 0.00000E+00
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o

TII_- 1.60000E÷02, DTI_U- 1.00000E+00o CSG_4IN(

IXX)PCT- 2

T 10 - 205.8702 T_ 99 - -200.0000 T

;_;';_;;ooo;:o; o,x_-1.oooo=.ooo:_,_,,
LOOPCT- 2

T 10 - 206.2534 T 99 - -200.0000 T

;_:';_;;o00::o; o,_=o-l OOOOO_.OO:s_,I,,
1DOPCT- 2

T 10 - 206.7540 T 99 - -200.0000 T

10)-- 5.59779Z+01 A'i"IfCC(
ARLXCC (

0)- 0.00000_-+00, D_41>CC(

0)- 0.00000E+00° DRLXCC(

10)- 1.27747E-01

10)- 0.00000[+00

10]- 5.S9200E+01 ATHPCC(

ARLX:C(

0)- 0.00000_+00, D_CC(

0)- 0.00000E+00, DRLXCC(

10)- 1.09619£-01
10)- 0.00000E*00

10)- 5.51705E÷01, All#CC|

• AJaX:C(

0)- 0.00000E+00, D'rJ_c(:(

0)- 0.00000E+0O, DRLXCC(

10)- 9.41162E-02

10)- 0.00000£+00

l(C) COPYRIGHT 19|2,19|3,1998. lg|S, 1998, 1987 J.D.GA._KI SINOA/19|7/AN$I 1.31 k_TNOICK ANALYSIS _._SOCZATI_S, IHC. - PAGZ

TII_- 1.75000E+02, DTII_U- 1.00000E+00 CSC,MIN(

LOOPCT- 2

T 10 - 207.1137 T 99 - -200.0000 T

TI_- 1.10000E+02 DTINEU- 1.00000E+00 CSC.MSN(

bOOP:T-

T 10 - 207.5524 T 99 - -200.0000 T

TI]_- 1.$5000E+02 DTINEU- 1.00000E+00 :SG)IIN(

LOOPCT--

T 10 - 207.9815 T 99 - -200.0000 T

TI_- 1.90000E+02 DTIMEU- 1.00000E+00 CSCJ41M(

IEOPCT--

T 10 - 201.1391 T 99 - -200.0000 T

TIP_- 1.95000E+02 DTINEU- 1.00000E÷00 CSCJ4IN(

LOOPCT-

T 10 - 209.3728 T 99 - -200.0000 T

TIPJ[- 2.00000E+02 DTIMEU- 1.00000E+00 :SGMIN(

LOOPCT-

T 10 - 201.5721 T 99 - -200.0000 T

TIME- 2.05000E+02, DTI_U- 1.00000E+00 CSGMIN(
LOOPCT- 2

T 10 - 208.7434 T 99 - -200.0000 T

TIME- 2.10000E*02, DTII_'J- 1.00000E+00 CSGMINI

LOOPCT- 2

T I0 - 20|.|902 T 99 - -200.0000 T

TIME- 2.15000E+02, DTIMEU- 1.00000E+00• CSGNIN(

LOOPCT- 2

T 10 - 209.0161 T 99 - -200.0000 T

1(C) COPYRIGHT 1912°1913,1914,1915,1916•1997

10)- $.5|280K+01, ATMPCC( 0)- 0.00000_+00, DT_CC( 10)- 1.08115E-02

• ARLXCC( 0)- 0.00000E+00° DRIXCC( 10)- 0.00000E+00

10)- 5.57918E+01, ATMPCC( 0)- 0.00000E+00, DTMPCC( 10)- 6.92_49£-02

, ARLXCC( 0)- 0.00000E+00, DItLX:C( 10)- 0.00000g+00

10)- 5.$7604E÷01 ATe:C(

_LXCC(

0)- 0.00000E+00, DT_CC(

0)- 0.00000E+00, DRI*XCC(

10)- S.93262E-02

10)- 0.00000E+00

10)- S.S7337E+01 A11_CC(

_J(CC4

0)- 0.00000[+00• DTMPCC(

0)- 0,00000E+00• DRLXCC(

10)- 5.09644E-02
10)- 0.00000E+00

10)- 5.5710|E+01 ATF_CC!
ARLXCCI

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

10)- 4.37012E-02

10)- 0.00000E+00

10)- 5.$6912E+01, ATNPCC(

• ARLXCC)

0)- 0.00000¢+00, DTNPCC{

0)- 0.00000E+00, DRLXCC

10)- 3.7475GE-02

10)- 0.00000E+00

10)- 5.56744E+01o ATMP::(

• ARLXCC(

0)- 0.00000E+00• DTMP:C

0)- 0.00000[+00o DRLXCC

10)- 3.21045E-02
10)- 0.00000E+00

i0)- 5.56600E+01, ATMPCC(

• ARLXCC(

0)- 0.00000E+00, D_qPC:

0)- 0.00000E+00, DR_(CC

10)- 2.75|_9E-02

10)- 0.00000E+00

I0)- 5.56476E+01, A_CC(

• ARLXC:(

0)- 0.00000E+00, DTHPCC(

0)- 0.00000E+00o DRLXC:(

10)- 2.36|16E-02

10)- 0.00000E+00

J.D.GASKI SINDA/1907/ANSI 1.31 NETNORX ANALYSIS A_SOCIATES, IN:. - PAGE 6

*****************

TIME- 2.20000E+02, DTZ)_U- 1.000001_+00, CSGMIN(

LOOPCT." 2

T 10 - 209.1240 T 99 - -200.0000 T

TIME- 2.25000E+02, I)¢ZMEU- 1.00000_-+00, CSGMZN(

LOOPCT- 2

T 10 - 209.2162"T 99 - -200.0000 T

TIME- 2.30000E+02, DTIMEU- 1.00000E÷00, CSGMIN(
LOOPCT- 2

T 10 - 209,2951 T 99 - -200.0000 T

TIME- 2.35000E+02, DTIMEU- 1.00000g+00, CSGHIN(

LDOPCT- 2

T 10 - 209.3639 T 99 - -200.0000 T

TIME-2.400001_+02, 0TII_U-1.00000E+00, CSGMIN(

LOOPCT- 2

T 10 - 209.4222 T 99 - -200.0000 T

10)- 5.S6370E+01, ATM_CC(

, ARLXCC (

10)- 5.58210_+01, ATI_¢C(

, AP,LXCC (

10)- 5.56202E+01• AT_C:(

• ARLXC: (

10)- 5.56135E+01, ATMPCC[

• ARLXCC

10)- 5.56070E÷01, ATMPCC

, ARLXCC

0)- 0.00000E+00, DTY_CC(

0)- 0.00000E+00, DKLXCC(

0)- 0.00000E+00, D'11_CC(

0)- 0.00000E+00, DRLXCCI

0)- 0.00000E+00, DTI_PCC(

0)- 0.00000E+00, DRLXCC(

0)-- O.O0000E+O0, DTMPCC(

0)- O.00000E+O0, DRIJ(:C(

0]- 0.00000E+00, 0T_C:(

0)- 0.00000E+00, DRLXC:(

10)- 2.02026E-02

10)- 0.00000E+00

10)- 1.73340E-02

10)- 0.00000E+00

10)- 1.50146E-02

10)- 0.O0000E+00

i0)- 1.27563E-02
10)- 0.00000E+0_

10)- 1.09863E-02

10)- 0.00000E+00
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-'_""_'°'?''"'Tz_-'2.45oooz+o2,DTZ_U-1.o00oo_÷o0, csc_zN(
LOOPCT-- 2

T 10 - 209.4925 T. 99 - -200.0000 T

w*l*l tit • •* *,. *I tt

TI_- 2.50000Z+02• DTZR_U- 1.00000E+00, C_IN(
IZXbPCT- 2

T 10 - 209.5153 T 99 - -200.0000 T

TI_Z-2.55000E+02o DTIMEU-1.00000_'+00, CSGMIN(
I.ZX_PCT- 2

T 10 - 209.5522 T 99 - -200.0000 T

lit•art•* i*tei*o

TII_- 2.&0000E+02, DTII_U- 1.00000E+O0o CSC.MIN(
LOOPCT- 2

T 10 - 209.5|3? T 99 - -200.0000 T

I(C) COPYRIGHT 1902.1983,19|4.19|5,1906.1987 J.D.GASKI

10)- 5.56029E+01, ATMPCC(

• AICLXCC!

10)- $.55907&+01• AI'I,EPCC{

• ARLXCC!

10)- 5.55951E+01, ATIfCC(

, ARLXCC(

10)- 5.55920E+01, &'tI_PCC(

, , ARLXCC(

0)- 0.00000E+00, DTICPCC(

0)- 0.00000E+00o DRLXCC(
10)- 9.46045E-03
10)- 0.O0000E+O0

0)- 0.00000E+00, DTNPCC(

0)- 0.00000Z+00, DRLKCC(
10)- 1.05664E-03

10)- 0.00000E÷00

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCO(

10)- 6.95901Z-03

10)- 0.00000E+00

0)- 0.00000Z+00• DTMPCC(

0)- 0.00000E+00• DRLXCC(

10)- 5.15931Z-03

10)- 0.00000Z+00

SI]40A/1987/ANSl 1.31 NETNORK ANALYSIS U$OCIATJ_S, INC. - P^G_ 7

***•***.******•t*

TI_Z- 2.65000E+02, DTI_U- 1.00000E+00, CSGMIN(
LOOPCT- 2

T 10 - 209.610S T 99 - -200.0000 T

TINE- 2.?0000E+02, DTZMEU- 1.00000E+00 CSGMIN(
bDOPCT- 2

T ;0 - 209.6337 T 99 " -200.0000 T

TI_- 2.75000E+02 DTIMEU- 1.00000E+00 CSGMIN(
L_OPCT-

T 10 - 209.6537 T 99 - -200.0000 T

TIP_- 2.80000E+02 DTIHEU- 1.00000E+00 CSGMIN(
LOOPCT-

T I0 - 209.6700 T 99 - -200.0000 T

TIMB_- 2.|5000E+02, DTIHEU- 1.00000E+00 CSGMIN(
I/DOPCT- 2

T 10 - 209.6|55 T 99 - -200,0000 T

TIHE- 2.90000E+02 DTIMEU- 1.00000Z+00 CSGMIN(
LOOPCT-

T 10 - 209.6910 T 99 -- -200.0000 T

TI_- 2.95000E+02 DTZMEU- 1.00000E+00 CSGMIN(
LOOPCT-

T 10 - 209.7087 T 99 - -200.0000 T

TIIL_ - 3.00000E+02 DTIH_U- 1.00000E+00 CSGHIN(

I.£X3PCT-

T I0 - 209.7179 T 99 - -200.0000 T

TI_- 3.05000Z+02 DTIMEU- 1.00000E+00, CSGMIMI
IEOPCT-

T 10 - 209.7256 T 99 - -200.0000 T

10)- 5.55094E+01, A'I'!M_O_(

• ARLXCC(
0)- 0.00000E+00, DTMPCCI

0)- 0.00000E+00, DIt_XCC(

10)- 5.12695E-03

10)- 0.00000E+00

10)- 5.55871E+01, ATMPCC(

, ARLXCC|

0)- 0.00OOOE+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

10)-- 4.3_153E-03

10)- 0.00000E+00

10)- 5.55051E+01, ATI_CC(

, ARLXCC(

0)- 0.O0000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

10)- 3.72314E-0_

10)- 0.00000E+00

10)- 5.55835E+01, A_{ 0)- 0.00000E+00, DT_PCC( 10)- 3.17353E-03

• ARLXCC{ 0)- O.00000E+00, DRLXCC! 10)- 0.00000E+00

10)- 5.$$120Z_01, A1117CC!

, ARLXCC(
0)- 0.00000E_00, DTMPCC!
0)- 0.00000E+00, DRLXCC(

i0)- 2.74658E-03

10)- 0.00000£+00

10)- 5.55109Z+01 _'_CC(

ARLXCC(

0)- 0.00000E+00, D'I"_CC(

0)- 0.00000E+00, DRLXCC[

10)- 2.31934E-03

10!- 0.00000E+00

i0)- 5.55795Z+01 AT14PCC(

ARLXCC(

0)- 0.00000E+00, DTM_CC{

0]- 0.00000E÷00, DRLXCC(

i0)- 2.07520E-03

10)- 0.00000E+00

10)-- 5.55789E+01, ATMPCC(
• ARLXCC(

0)- O.00000E+00, DTMPCC(

0)- 0.00000Z+00, DRLXCC(

10)- 1.77002E-03
10)- 0.00000Z+00

10)- 5.55701E+01, AT_PCC( 0)- 0.00000E+00, DTM_CC( 10)- 1.52508E-03

• ARLXCC( 0)- 0.00000E+00, DRLXCC( 10)- 0.00000£+00

I (C) COPYRIGHT 19|2,1983,1904. 1915, 1986,1987 J.D.GASKI SINDA/198?/ANSI 1.31 NETNORK ANALYSIS ASSOCIATES, INC. - PAGE

TIP_- 3.10000E+02, DTINEU- 1.00000E+00. CSG_IN(

LCOPCT- 2

T I0 - 209.7325T 99 - -200.0000 T

TI_- 3.15000_+02o DTIHEU- 1.00000E+00, CSG_IN(

LLX)PCT- 2

T l0 - 209.7383 T 99 - -200.0000 T

TI_- 3.20000E+02. DTIMEU- 1.00000E+00, CSGMIN (

LOOPCT- 1

T 10 - 209,7432 T 99 - -200.0000 T

TI_9_- 3.25000E+02. DTIHEU- 1.00000E+00, CSGMIN(
130OPCT- 1

T 10 - 209.7476 T 99 - -200.0000 T

i0}" 5.55774E+01, ATMPCC(

. ARLXCC(

i0)- 5.55768E+01, ATHPCC(

• A_LXCC{

i0)- 5.55764E+010 ATHPCC(

• ARLXCC[

i0)- 5.55759E+01, ATMPCC{

• ARLXCC!

0)- 0.00000E+00, DTMPCC{

0)- 0.00000E+00, DP,LXCC{

0)- O.00000E+00, DTI_CC(

0)- 0.00000g+00, DRLXCC(

0)- 0.00000Z÷00, DTM_CC!

0)- 0.00000Z+00. DRLXCCI

0)- 0.00000E+00, DTHPCC(

0)- 0.00000g÷00, DRLXCC (

I0]- 1.28174E-03

10)- 0.00000E+00

10)- 1.03760E-03

10)- 0.00000g+00

I0)-- 9.76563E-04

I0)-- 9.76563E-04

10)- ?.93457E-04

i0)- 7.93457E-04
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IB.tt tw *tlttm Ire •

TIM_- 3.30000Z+02. DTII_;U- 1.00000Z+00, CSGg(IN(

I.,_OPCT- 1

T 10 - 209.7513 T 99 - -200.0000 T

• ttJtJttl/J * at ere

TTI'_- 3.35000Z+02, DTTI'I_U" 1.00000E+O0, CSCJ_N(

LOOPCT-- 1

T 10 - 209.7543 T 99 - -200.0000 T

• t * tmtttlmm*** • **

TZ_" 3.400001t+02, DTINEU" 1.00000E+00, CSCJ(ZN(

LOOPCT" 1

T 10 - 209.7569 T 99 " -200.0000 T

• tet*mmt•eee *t**

TIJ_." 3.45000w'+02, DTII_aSU--1.00000E+00, CSGNIN(

LOOP C"l'- 1

T 10 - 209.7391 T 99 - -200.0000 T

TII_- 3.500001[+02. DTII_ZU-- 1.000001[+00, CSG/41N(

LOCPCT- 1

T 10 - 209.7611 T 99 - -200.0000 T

10)- 5.5575(;1[+01, ATI,_CC( 0)- O.00000E÷00, DTI'2CC(

0)- 0.000001[+00, DRLXCC(

10)- 7.32422z-04

10)- 7.324221[-04

10)- 5.55753E+01, A'rNPccI
• ARIJ(CC(

0)- 0.000001[+00, D'_'CC(

0)- 0.00000Z+00, DI_[.XCC(

10)- 5.493161[-04

10)- 5.49316Z-04

10)- 5.55750E÷01, A'I'MPCC(

• ARLXCC(

0)- 0.00000Z+00, DTM?CC(

0)- 0.000001[+00, DRLXCC(

10)- 4.|8281E-04

10)- 4.00281K-04

10)- 5.557481[+01, ATMPCC(

• /t_LXCC)

0)- 0.000001[+00, DTI_'CCI

0)- 0.00000[+00, DRLXCC)

10)- 3.662111[-04

10)- 3.662111[-04

10)- 5.55746Z÷01, A'_4]PCC(

• AP,LXCC(

0)- 0.000001[+00, DTMPCC{

0)- 0.000001[+00, DRL,XCC(

10)- 3.662111[-04

10)- 3.66211Z-04

I(C) COPYRIGHT 19|2,1953,1984o1965,1906,19|7 J.D.GASKI SINDA/1987/AMSI 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAG_

.i,,e*le*,mmte*,•

T_l._- 3.55000B+02, DTZMEU- 1.00000Z+00, CSC,.MIN(

LOOPCT- 1

T 10 - 209.7631 T 99 - -200.0000 T

TIME- 3.600001[+02, DTIMZU- 1.O00OOE+O0. CSGMIN(

LOOPCT- i

T 10 - 209.7645 T 99 - -200.0000 T

10)- 5.55744Z+01

10)-- 5.557431[+01

ATMPCC( 0)- 0.00O00E+00, DTMPCC( 10)- 3.662111[-04

ARLXCC( 0)- 0.O0000E+00, DRLXCC( 10)- 3.662111[-04

A'_'CC( 0)- 0.00000E+O0, D'_v_'cC(

ARIXCC( 0)- 0.000001[+00, DRLXCC(

10)- 3.051761[-04
10)-- 3.05176E-04
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B • Generation of an Alternate (Exact) Solution:

Fer the transient case, we may perform an energy balance on the segment,
assuming that energy is transferred to the segment by way of a uniform surface flux
and lost only through convection. Radiative losses arc considered negligible. We
may write

ZQ = _ = _gcii n - l_Ciout = pVCPd_ t (i)

or

100J/sec - hAs(T-T,.,):pVCPdd_t (2)

where T denotes the temperature of the segment. The temperature of the segment is
assumed to be uniform, for all t. Substitution of the given expression for h into (2)
yields

100-{[0.6532 Tfilm + 188.06] As(T-T**)}: pVCPd_- t

Defining Tram as the mean temperature, (T + T..)/2, equation (3) becomes

(3)

Simplifying (4) gives

100-{[0.3266 T + 122.7] As (T + 200)}= pVCPd_tt (5)

or

A s denotes the total exposed surface area of the segment and is given by the sum of

the upper, lower, inner, and outer surface areas (the two ends of the segment are
neglected because they are insulated). The exposed surface area is easily calculated

A s = A u + A 1+ A i + A o

= 18--[n[(40mm)2-(25mm_] ] %n[(40mm)2-(25mm)2] ]

+ 81-[2_(40 m m}(10mm)] + 8L[2n(25 mm_l 0mm)]

= 1276mm 2 = 1.276 x 10 -3 m z
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The volume of the segment is easily obtained, as well.

" V = _-_(40mm) 2- (25 mm) 2] ](1 0mm)

3828.8mm 3 = 3.83 x 10 .6 m 3

V*

Substitution of available values for A,, V, p, and Cp into equation (6) yields

-4.17 x 10 .4 T 2 -0.24 T-31.31 + 100 = 13.56 d-I (7)
dt

or

- 3.07 x 10 "5 T 2 - 1.77 x 10 2 T + 5.064 = dT (8)
dt

Separation of variaoles gives

dT = dt (9)
-3.07 x 10 5 T 2 - 1.77 x 10 .2 + 5.064

_hich may be written in the alternate form of equation (10).

dT = dt

(-3.07 x 10"5_T - 209.8XT + 786.5) (11)

The left-hand side of (11) may be integrated using partial fractions. Integration of
the left-hand side, on the interval from To to T, and the right-hand side, on the
interval from to to t gives

-32.71_ T -+ 209.8786.5
18.65 = t (12)

Although (12) specifies t as a function ofT, such does not really pose a problem as
(12) still defines a relationship between the dependent and independent variables.
The values given in Table 1 are obtained from equation (12). From the table, we
find that the steady state temperature of the segment is 209.8 °C and that this
temperature is reached after 335.04 see. This result compares quite favorably with
that obtained using SINDA (209.75 °C after 340 see). The two sets of results are
compared in Figure 4.

Closing Comments:

Most one-node problems (excluding those involving radiation) are similar to the present
example. While the mass of the system, boundary conditions, and material properties
will affect the transient results, the closed-form solution to such problems will always be
similar to that included in this section. The thermal analyst should be familiar with closed-
form solutions of this type as they are often useful for estimating system transient re-

sponses. Also, simple hand calculations of this type can provide the analyst with added
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VI.

insightinto whether numerical (SINDA) results am reasonable. While network analyses
may include many discrete nodes, the analyst, through knowledge of the system mass
and boundary conditions can determine approximate "order-of-magnitude" response times.

References:

None

_J
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t (see) T (°C)

0 -150.0
3.62 - 125.0
7.37 -100.0

11.29 -75.0
15.42 -50.0
19.82 -25.0
24.56 0.0
29.73 25.0
35.48 50.O
42.00 75.0

59.00 125.0
71.31 150.0
132.16 200.0
335.04 209.8

Table 1. Exact Solution

250
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5O

E -50

-100'

-150'

-200'
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)arison of Numerical & Exact Results

Exact solution

,¢........ SINDA solution
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Figure 4. Comparison of exact solution with that obtained using SINDA; while both predict a
steady state temperature of about 210 °C, reached within approximately 340 sec.
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CHAPTER 1: STEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 6: " Transient Conduction Through a Multi-material Body with
Convection.

I. Identification of the Problem:

A. State of the Problem:

Consider a ground junctionChromel-Alumcl typeK thcrmocouple shown in figure

1. The thermocouple has a sheathdiameterof 0.04inch and a heightof 0.0624
inch. The metalcaseisinconc1600 and theinsulationismagnesia (MgO). The
chromcl and alumclwires bothhave thesame diameterof 0.001 inch. The material

propertiesof theelementsin thethcrmocouple arelistedintableI forconvenient

reference.According tothemanufactum's specification,thethcrmocouplc time
constant(timeconstantwillbe definedlater)is0.25 secondsina convective

environment of airatroom temperatureand atmosphericpressure,moving with a

velocityof 65.0fcctper second. For thisproblem first,verifythe manufacmrc's

time constant value and then determine the temperature of the therrnocouple at one
time constant. Second, if the thermocouple is installed on the turbine inlet of a
H,PFTP where hot gas temperature is assumed to be 3575.0°R and heat transfer

coefficient is 0.028 Btu/sec-in2-R, find the time constant for the thermocouple.

Tai r = 70.0OF

Tgas=3575.0°R

h--0.0624 in

D=0.04 in.

Air Velocity = 65.0 ft/s

Figure 1. A ground junction thermocouple
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I_trv_t_t_ Nozz_

SLIMEI'_k Pt_wt 1:'_1Twbol_lP (I-IPFTP)

nmmm mma, I

Figure 2. A HPFTP Instrumented Nozzle

B • Given

The following data is given for this problem:

o

2.
3.
4.

.

6.
7.
8.
9.

Air temperature is 70.0°1::
Air velocity is 65.0 ft/s
Hot gas temperature is 3575.0°R
Heat transfer coefficient between the thermocouple and hot gas is 0.0028
Btu/sec-in2-R

Thermocouple case thickness is 0.001 inch
Chromel/Alurnel wire diameter is 0.001 inch

Thermoeouple diameter is 0.04 inch
Thermoeouple height is 0.0624 inch
All material properties are listed in table 1 below:
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Mamfi_

Density, p, (lb/in3)
Specific Heat, Cp,
(Btu/Ib-R)

Conductivity, k,
(Btufm-R)

Inconel-600 Magnesia

9.7E-03

Chromel Alumel

3.040E-01 3.154E-01 3.107E-01

1.06E-01 2.22E-01 5.5E-02 5.5E-02

3.703E-04 1.066E-05 1.111E-03 1.111E-03

Table 1. Material Property

C. Find:

I°

2.

II. Analysis

Verify the manufacturers specified time constant value.
Determine temperature of the thermocouple at one time constant in the hot
gas environment.

A. Lumped Capacitance Method:

1. Verify the time constant of Thermocouple (Tc) probe:

The lumped capacitance method may expected to give good estimates when
the Biot number is less than 0.1

Biot number = (h V/A)/k (I)

where,

h:

V:
A:
k:

heat transfer coefficient from the body to environment
volume of the solid body
convective area of the solid body
thermal conductivity of the solid

The heat transfer coefficient for air at room temperature with velocity of
65.0 ft/s is calculated as follows:

Reyd = (p*v*d)At
where,

Reyd: Reynolds number

p: density of air

v: velocity of air

It: dynamic viscosity of air

d: diameter of tc probe

1-6-3



Substitute given values from table 1

Reyd = (0.0735*65.0*3600.0*0.04)/0.04467* 12.0
= 1283.0

Nussett number.

m in

Nu = hd/k---42Rcyd Pr

where,

C = 0.683; m = 0.466; for 40.0 < Reyd < 4000.0

Pr: Prandtl number of air = 0.709

O.466 1/3
* 0.709Nu - 0.863"1283.0

- 17.10
Heat transfer coefficient h:

h = Nu*k/d
= 17.10"0.01516* 12.0/0.04

= 77.78 Btu/hr-ftZ-R = 1.5E-04 Btu/scc-in2-R

Volume of the tc probe:

V - 1/'2 solid sphere + solid cylinder
3 2

= (1/2)(4/3)(0.02) n+ (0.02)(0.0425)n
3

= 7.0157E-05 in

Convectivearea:

A = 1/2 sphere surface + cylinder surface
2

= (1/2)4(0.02) + (0.04)(0.0425)x
2

= 7.851E-03 in

Equation (I)become

Biot = [ 1.5E-04(7.015E-05/7.851E-03)]/3.703E-04
= 0.0036 < 0.1

So the condition of the Biot number is satisfied.
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,

The convection heat loss from the tc probe is assumed to be equal to a
decrease in its internal energy:

q= hA(T-Te)=-pCpV dT/dt (2)

where

V: volume the solid
A: convective area of solid

p: density of solid
Cp: specific heat of solid
T: temperature of solid
"re: temperature of environment
t: time

The initial condition is:

T=Ti at t--0

Solution is:

-0tJcr,cpv)t
(T-Te)/(Ti -Te) = e (3)

The term (pCpV)/(hA) has the dimensions of time and it is called the time
constant.

when time equals to one time constant:

t = (oCpV)/(hA) (4)
or

t -- (0.3*0.139*7.015E-05)/(1.5E-04*7.851E-03)
= 2.5 seconds

This time constant value of the probe agrees with the Omega manufacturer's
time constant chart.

Temperature of Tc probe in hot gas environment at one time constant

a. Hand calculation:

Verify the Biot number condition requirement

Biot number = h(V/A)/k
= 0.0028(7.0157E-5/7.851E-3)/3.703E-4
=.0672 < 0.1
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when time equals to one time constant:

t= (pCpV)/(hA)
= 0.3*0.139"7.015E-5/(0.0028"7.85IE-3)
= O.134 seconds

So that cquadon (3) become

-1/1

(r-Tc)/(Ti-Tc) = c
= 0.368

T = 're + 0.368(Ti-Te)
= 3675.0 R+ 0.368( 450.0 R - 3675.0 R)
= 2488.0 R
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b. SINDA simple one-node model:

C TCSIMP.SIN THIS IS SIMPLE CASE OF TCPROBE

C SOLID TIP/CYL THERMOCOUPLE

C APRIL 2/91

C USING THE INPUT

C H VARY WITH SPECIES MASS FLOWRATES DURING START

BCD 3THERMAL LPCS

M

M

CM

C

CM

BCD 9TCPROBE SIMPLE CASE

BCD 9

BCD 2

END

BCD 3NODE DATA

-I ,3675.0

CAL 2 , 450.0

CAL 49 , 450.0

END

BCD

END

BCD

CAL

CAL

END

BCD

• 1.0 $ BOUNDARY NODE

, 0.30,0.14,7.0157E-05,1.0 $ SOLID TIP/CYL

• 0.30,0.14,7.0E-04,1.0 $ THERMAL SINK

M

M I00

C

3SOURCE DATA

3CONDUCTOR DATA

I, 2, I, 7.851E-03,.0028,1.,I. SH*A

2, 2, 49, 1.0E-01,3.7E-04,5.260E-04,0.0625 SKA/L

3CONSTANTS DATA

NDIM=4000

TIMEO=0.0

TIMEND=.3

OUTPUT=0.005

DRLXCA-0.001

ARLXCA=0.001

NLOOP=500

DAMPA=0.003

DAMPD=0.003

DTIMEI=0.0001

END

BCD 3ARRAY DATA

END

BCD 3EXECUTION

OPEN(UNIT_IO,FILE-'TCSIMP.XL',STATUS='UNKNOWN ')

CALL FWDBKL

CALL SNDUFR

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

IF(TIMEO.LE.0.1) OUTPUT=0.05

END

BCD 3OUTPUT CALLS

TPRINT

WRITE(10,100)TIMEO,TI,T2,T49

FORMAT{F6.3,3X,FS.2,3X, F8.2,3X,F8.2)

TDUMP

END

BCD 3END OF DATA

END

c. SINDA simple model output:

(C) COPYRIGHT 1962,190_,1904,1905,1956,198_ J.D.GASKI SI_A/190?/_SI 1.31 NET_ _YSIS _S_IATKS, INC. - P_E

TCPRO_ $I_ CUE

"'" NOTE """ F_BKL R_UIRES 15 DYNAMIC S_RAGE LOCATIONS _T OF 3995 AVAII2iB_ "'*
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TIMEWD - 0,30000 , CSGFAC - 1.0000 DTINEI - 0.100006-03, NLO_P - 500
IMEO - 0.00000E+00, OUTPUT - 0.$00006-02, DTINEH - 0.100006+09, DTIJ_L - 0.00000E+00

ARLXCA - 0.100006-02, ATMPCA - 0.00000E+00, DRLXCA - 0.100006-02, DTNPCA - 0.10000Z+09

EXTLIM - S0.000

TIHE - 0.00000E+O0, DTIRBCU - 0.O0000E+00, CSGHIN( 0)- 0.00000E+00 ATI_CC( 0)- 0.00000E÷00, DT_CC(
5OOPCT - 0 ARLXCC( 0)- 0.00000E+00, DRLXCC(

SINPAT TIM_ -- 0.0000E÷00

T --2 - 450.0000 T 49 - 450.0000 T i " 3675.0000 T

*,*t*************

TZ_- 5.000036-02, DTIMEU" 5.000046-05, CSGMIN( 2)" 1.321696-01 AT_PCC( 0)" 0.00000E÷00, DTM_CC(
IEOPCT- 2 ARLXCC( 0)- 0.00000E÷00, DRLKCC(

SZNPAT TIME - 5.00006-02
T --2 - 1451.5625 T 49 - 450.2759 T I - 3675.0000 T

........ ;;.;.;.;;TIME- 1. 0 1 - , DTIP_U- 5.000046-05, CSGI(IN( 2)- 1.321696-01, ATP_CC( 0)- 0.00000E+00, DTICCC(
IDOPCT- 2 , ARLXCC| 0)-0.00000E+00, DRLXCC|

SINPAT TIME - 1.00006-01
T --2 - 2137.7146 T 49 - 450.9931 T i - 3675.0000 T

....... 7;;;;;:';TIME- 1 0 0 , DTIR_U- 5.000046-05• CBG_I)I( 2)- 1.321696-01, ATICPCC( 0)- 0.00000E+00, DTItCC(
LOOpCT.- 2 , ARLXCC( 0)- 0.00000E+00, DRLXCC(

SIMPAT TIME - 1.0500Z-01

T -2 - 2193.1162 T 49 - 451.0|05 T 1 - 3675.0000 T

******,,i**t*****

TI_- 1.100016-01, DTIMEU- 5.000046-05, CSGMIM( 2)- 1.321696-01, ATMPCC( 0)- 0.00000E+00o DTP_CC(

LOOPCT- 2 , ARI,XCC( 0)-0.00000E÷00, DRLXCC(

$Z!tR'AT TZI, tZ - 1.1000Z-01

T -2 - 2246.4604 T 49 - 451.1772 T i - 3675.0000 T

IIC) COPYRIGHT 19|2,19|3o1984,19|5,19|6o19|7 J.D.GASKI SINDA/19|7/AN$I 1.31 NETMORK ANALYSIS A.S_IATES, INC. - PAG_

TCPROB_ SI_I_ CASE

**,**,*****m*****

TI_- 1.150016-01 DTIMEU- 5.00004Z-05 CSGMIH|

LCOPCT-

SINPAT TIME - 1.15006-01

T -2 - 2297.|235 T 49 - 451.2735 T

TIHE- 1.200016-01 DTIPZU- 5.000041r-05 CSGMIN(

LCOPCT--

SI_PAT TIME - 1.20006-01

T -2 - 2347.21108 T 49 - 451.3697 T

TIHE- 1.250026-01 DTIMEU- 5.000046-05 CSG_IN(

IEOPCT-

SI_PAT TZ_ - 1.25006-01

T --2 - 23_4.9021 T 4_ - 451.4650 T

TIME- 1.300026-01 DTIMEU- 5.000046-05 CSGMIN(

I/)OPCT-

SIN_AT TIM_ - 1.3000Z-ql

T -2 - 2440.7559 T 49 - 451.5720 T

TI_- 1.35002E-01 DTIMEU- 5.00004E-05 CSGI4IN(

LOOPCT-

SINPAT TIME - 1.35006-01

T -2 - 2414.9070 T 49 - 451.6765 T

_e

TIME- 1.400026-01 DTII_J- 5.00004Z-05 CSGMIN(

DDOPCT-

S1_PAT TIME - 1.40006-01

T -2 - 2527.4187 T 49 - 451.7509 T

TIME- 1.45002E-01, DTIM_U- 5.00004E-05 CSGMIN(

LDOPCT- 2

3IffPAT TIME - 1.4500_'-01

T -2 - 2561.3523 T 49 - 451.8153 T

TI_- 1.50002_-01, DTIMEU- 5.000046-05 CSCJ4IM(
_3_PCT- 2

SIKPAT TI_ - 1.5000_-01

T -2 - 2607.7654 T 49 - 452.0002 T

2)- 1.3216_E-01, ATMPCC(

° ARLXCC (

1 - 3675.0000 T

2)- 1.321696-01, AT/_CC(
• ARLXCC (

i - 3675.0000 T

2)-- 1.321696-01, ATMPCC(
, ARLXCC (

i - 3675.0000 T

2)- 1.32169£-01 ATMPCC(

ARLXCC (

I - 3675.0000 T

2)- 1.32169E-01 ATMPCC(

ARLXCC (

1 - 3675.0000 T

2)- 1.321696-01, ATICPCC(

• ARLXCC (

i - 3675.0000 T

2)- 1.321696-01, ATMPCC(

• ARLXCC (

1 - 3675.0000 T

2)- 1.32169E-01, A_{
• ARLXCC (

i - 3675.0000 T

0]- 0.000001_÷00, DTY_CC[

0)- 0.00000E+00o DRLXCC(

0)- 0.000006+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+O0o DT/_CC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000&+00, DT/._CC(

0)- 0.00000E+00o DRLXCC(

0)- 0.00000Z_00, DT/¢PCC(

0)- 0.00000e-+00, DRLXCC(

0)- 0.00000¢+00, DTI_CC(

0)- 0.D0000E+00, DRLXCC(

0)- 0.00000E+00, DTI,_CC(

0)- O.00000E+00. DRIXCC(

0)- 0.00000E+00, DTI_CC(

0)- 0.00000E+O0, DRLXCC(

0)- 0.000006+00

0)- 0.00000E+00

2)-- 8.242196-01

2)-- 0.00000E+00

2]- 5.646976-01

2)- 0.00000E+00

2)- 5.437016-01

2)- 0.00000E+00

2)- 5.234316-01

2)- 0.00000E+00

2)- 5.043956-01
2)- 0.00000Z+00

2)- 4.855966-01

2)- 0.00000E+00

2)- 4.67285E-01

2)- 0.00000Z+00

2)- 4.501956-01

2)- 0.000006+00

2)- 4.333506-01

2)- 0.00000E+00

2)- 4.172366-01

2]- 0.00000E+00

2)- 4.01|556-01

2)- 0.00000E+00

2)- 3.669636-01

2)- 0.00000E+00

I(C) COPYRIGHT 1982,1953,1984,1955o1916. 1967 J.D.GASKI SINDA/1907/AKSI 1.31 NET_DRK ANALYSIS ASSOCIATES, INC. - ?A_ 5

TCPROBE SIMPLE CASE

TIKE- 1.55002£-01, DTIMEU- 5.000046-05, CSGMIN( 2)- 1.321696-01, ATMPCC( 0)- 0.00000E+00, DTMPCC( 2)- 3.725596-01
5OOPCT- 2 . ARLXCC( 0)- 0.000006+00, DRLXCC( 2)- 0.000006+00

SI_PAT TIME - 1.55006-01
T -2 - 2645.7151 T 49 - 452.1155 T I - 3675.0000 T
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TIHE- 1.60002Z-01. DTIHEU- 5.00004E-05 CSGMIN(
LOOPCT- 2

$1_PAT TIHE - 1.6000E--01

T -2 - 2682.2563 T 49 - 452.2368 T

,,,*tJ**,*Itlt,tl

TIHE- 1.65002E-01 DTIMEU- 5.00004E-05 CSGHIN(
LOOPCT-

SINPAT TIME - 1.6500E-01

T -2 - 2717.4421 T 49 - 452.3551 T

*,,i*i,,,,* ,,lit*

TIME- 1.70002B-01 DTIMEU- 5.00004E-05 CSGMIN(

5OOPCT-

SI_AT TIME - 1.7000E-01
T -2 - 2751.320| T 49 - 452.4735 T

ti,*H*ittet*,*el

TIME- 1.80002E-01 DTIMEU- 5.00004E-05 CSGMIN(
L_OPCT-

$I_AT TIME - 1.8000E-01

T -2 - 2115.3505 T 49 - 452.7216 T

TIME- 2.00003E-01 DTIHEU- 5.00004E-05. CSGMIM(

LOOPCT-

SINPAT TIHE - 2.0000E-01

T -2 - 2929.7559 T 49 - 453.2306 T

t,Iiit*t*t,i*e,t,

TIME- 2.05003E-01 DTIHEU- 5.000042-05 CSGMIN(

IEOPCT-

SINPAT Tilde - 2.0500E-01
T -2 - 2955.7529 T 49 - 453.3577 T

TIME- 3.00000E-01 DTIHEU- 3.01003E-06 CSGHIN(

L_DOPCT-

SIN_AT TIME - 3.0000E-01
T -2 - 3301.4229 T 49 - 456.0711 T

2)- 1.32169E-01, ATHPCCI

• ARLXCC I

1 - 3675.0000 T

2)- 1.3211SgE-01, ATI_CC(

, ARLXCC {

i - 3675.0000 T

2)- 1.32169B-01 A'PA{_(

ARLXCI: (

1 - 3675.0000 T

2)" 1.32169E-01 ATMPCC(

ARLXCC (

I - 3675.0000 T

2)- 1.32169E-010 ATMPCC(

, ARLXCC (

i - 3675.0000 T

2)- 1.32169E-01. ATHPCC[

• ARLXCC (

i -- 3675.0000 T

2)- 1.32169E-01. ATMPCC(

, ARLXCC (

i - 3675.0000 T

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, DT_PCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000g+00o DTMPCC(

0)- 0.00000£+00, DRLXCC(

0)- 0.00000E+00, DTMPCC(

01- 0.00000E+00, DRLXCC(

0]- 0.00000E+00, DTHPCC(

0)- O.O0000E+O0, DRLXCC(

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00o DRLXCC(

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00. DRLXCC(

2)- 3.558|7E-01

2)- O.O0000E+O0

2]- 3.45459E-01

2)- O.O0000E+O0

2)- 3.32520B-01

2)- 0.00000Z+00

2)- 3.05105£-01

2)- 0.00000E+00

2)- 2,65137E-01

2)- O,O0000E+O0

2]- 2.55127E-0I

2)- 0.00000E+00

2)- 7.56836E-03

2)- O.O0000E+OC

Comparison of simple model and hand calculation results:

Time: Tgas: T4: Tcal: Tdiff:
(see) (R) (R) (R) (R)

0.0000 3675.0 450.00 450.00 0.0000

0.0050 3675.0 568.05

0.0100 3675.0 681.72

0.0150 3675.0 791.16

0.0200 3675.0 896.54

0.0250 3675.0 998.01 990.00 2.000

0.0300 3675.0 1095.7

0.0350 3675.0 1189.8
0.0400 3675.0 1280.4

0.0450 3675.0 1367.6

0.0500 3675.0 1451.6 1454.0 3.000

0.055000 3675.0 1532.4

0.060000 3675.0 1610.3

0.065000 3675.0 1685.2

0.070000 3675.0 1757.4

0.075000 3675.0 1827.0 1832.0 5.000

0.080000 3675.0 1893.9

0.085000 3675.0 1958.4

0.090000 3675.0 2020.4

0.095000 3675.0 2080.2

O.lO000 3675.0 2137.7 2145.0 8.000

0.10500 3675.0 2193.1
0.11000 3675.0 2246.5

0.11500 3675.0 2297.8

0.12000 3675.0 2347.3

0.12500 3675.0 2394.9 2406.0 11.00

0.13000 3675.0 2440.8
0.13500 3675.0 2484.9

0.14000 3675.0 2527.4
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0.14500
0.15000
0.15500
0.16000

0.16500
0.17000
0.17500
0.18000

0.18500

0.19000

0.19500
0.20000

0.20500

0.21000

0.21500

0.22000

0.22500

0.23000

0.23500

0.24000

0.24500

0.25000
0.25500

0.26000

0.26500

0.27000

0.27500

0.28000

0,28500

0.29000

0.29500
0.30000

3675.0

3675.0

3_75.0
3675.0

3675.0

3675.0
3675.0

3675.0

3675.0
3675.0

3675.0

3675.0

3675.0

3675.O

3675.0

3675.0

3675.0

3675.0

3675.0

3675.0
3675.0

3675.0

3675.0

3675.0

3675.0

3675.0

3675.0

3675.0

3675.0

3675.0
3675.0

3675.0

2568.4
2607.8
2645.7
2682.3

2717.4
2751.3
2783.9

2815.4
2845.6
2874.7

2902.8
2929.8
2955.7
2980.8
3004.9

3028.1

3050.4

3072.0

3092.7

3112.6
3131.8

3150.3

3168.1

3185.3

3201.8

3217.7

3233.0

3247.7

3261.9

3275.6
3288.8

3301.4

2622.0

2801.0

2950.0

3073.0

3175.0

3260.0

3331.0

14.00

17.00

20.00

23.00

25.00

27.00

30.00
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n •

Tc probe temperature-Simple model

4ooo I I I I I I I
0 _..0 • .o .o
i i Hot gas tern.l_eratur_.___.':

- t__----_r _ ...................................3000 ....248BR"@"i" _ _ i _ i

er _

2000 ...................................._ ..............-----9-- Hot gas -

/i/ "_3- T48. - .-A- T4 cal

®E 1000 ............. F .....................................i --->_- Zdiff(xlO) -I,,,-

o............. _
Zdiff_Tcal-_4

-lOOO I i i i I I I
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

• Time, sec

• Temperature differences (Tdiff) between the hand calculation and SINDA model
in the above plot were multiplied by 10 for easy visual comparison ptLrpose.

Spatial effects:

1. Assumptions:

The spatial effects are modeled utilizing a 2-Dimensional analysis model
built with PATRAN/SINDA to define the tc probe temperature at one time
constant based on the following assumptions:

Heat u'ansfer from hot gas to thermocouple occurs through the leading edge
and sides through the metal casing of inconel and magnesia insulation.

Conduction is modeled from the thermocouple surface to the distinct wires
(chromel and alumel) inside the probe.

Conduction through the probe base to a thermal sink is included.
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2. Patran model listing:

$ patran file for the TC grounded junction

$ mar 20/91

GO

1

1

$ H-0.0028 BTU/SEC IN2 R for later input

SET, LABEL, OFF

SET,TOL, 5.000E-7

GR,#,,-.018,-.002

GR,2,,-.014,-.002

GR,3,,-.007,-.002

GR,4,,-.003,-.002

WI

4

PL

LI,#,2G,,I,2

LI,#,2G,,2,3

LI,3,2G,,3,4

LI,4T6, TR, 0/.004/0,1T3

WI

4

PL

PA,#,2L,,I,4

PA,#,2L,,2,5

PA,#,2L,,3,6

LI,3#,RO, O/.OO2/Q/O/O/I/-30,4T6

LI,3#,RO, O/.OO2/O/O/O/I/-30,7T9

LI,3#,RO, O/.OO2/O/O/O/I/-30, IOTI2

LI,3#,TR,.008/0/0,13TI5

LI,3#,TR,.016/0/0,16TI8

LI,3#,TR,.0205/0/0,19T21

PA,6#,2L,,4TI9B3,7T22B3

PA,6#,2L,,6T21B3,9T24B3

PA,12#,MIRROR, Y,4TI5

PA,6#,2L,,5T20B3,ST23B3

PA,6#,MIRROR,Y,28T33

PA,#,QU,,8/4/45/12

PA,#,QU,,12/45/47/16

PA,#,QU,,16/47/49/20

PA,#,QU,,20/49/51/24

PA,#,QU,,24/51/53/28

PA,#,QU,,28/53/55/32

SET, BEAMINP,OFF

GR,1001,,-.025

GR, I002,,-.025,.0001

LI,1000,2G,,1001,1002

GF,1000L

CF, IOOOL, BAR//I

DF,1000L, TEMP/E,3675.0/-I,-100

GF, PIT45,,2/2

CF, PIT45,QU//I

$ RHO:LB/IN3 CP:BTU/LB.F K:BTU/SEC IN2 F

$ CHROMEL

PMAT, I,ANI,2,.3154,.055,,,2,0.001111

$ ALUMEL

PMAT, 2,AN_,2,.3107,.055,,,2,0.001111

$ INCONEL

PMAT, 3,ANI,2,.3040,.106,,,2,0.0003703

$ MAGNESIA MgO

PMAT,4,ANI,2,.0097,.222,,,2,0.000001064

DF, PI,CONV/E,0.0028/-2,-100,EDI

Chromel/Alumel

1-6-12
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DF, P4TS,CONV/E,O.OO28/-2,-IOO,EDI

DF, PI6T20,CONV/E,O.O028/-2,-IOO,ED4

$ CHROMEL

PF,P2T3,QU//I,I/7.004

PF,PIOTI5,QU//I,I//.004

PA,2T3,COLOR, 12

PA, 10TI5,COLOR, 12

$ ALUMEL

PF,P22T27,QU//I,2//.004

PA,22T27,COLOR, 8

$ INCONEL

PF,PI,QU//I,3//.004

PF,P4T9,QU//I,3//.O04

PF,PI6T21,QU//I,3//.O04

PA, I,COLOR, 4

PA,4T9,COLOR, 4

PA,16T21,COLOR, 4

$ MAGNESIA MgO HIGH TEMPERATURE INSULATION

PF,P28T45,QU//I,4//.O04

PA,28T45,COLOR, IO

$ INITIAL TEMPERATURE

DF,PIT45,TEMP/E,450.0/I

S

$

3. SINDA 2-D model listing:

PATRAN GENERATED NEUTRAL FILE WHOSE TITLE WAS: patran.out.4

from tcmar20.sin added thermal sink node 49 of 5.15E-05

conductivity of magnesia11.066E-05

TC4AIMAR20

CREATED ON: 20-Mar-91 AT 10:40:39

WAS USED BY *** P A T S I N *** VERSION 3.0 TO CREATE THIS

SINDA INPUT FILE: tcmar20.sin.l

CREATED ON: 20-Mar-91 AT 10:49:38

BEGIN TRANSLATION PARAMETERS

END TRANSLATION PARAMETERS

BCD 3THERMAL LPCS

BCD 9TC4AIMAR20

BCD 9

BCD 2

END

C

C

Pid

BCD 3NODE DATA

Node,

Mid Cord Typ

-i,

2,

3,

4,

5,

6,

7,

8,

9,

I0,

ii,

12,

13,

14,

Init Temp,

User note...

3675.0

450.00

450 00

450 00

450 00

45O 00

450 00

450 00

450 00

450 00

450 00

450 00

450 00

450 00

Density

1.0000

0.30400

0.31540

0.31540

0.30400

0.30400

0.30400

0.30400

0.30400

0.30400

0.31540

0.31540

0.31540

0.31540

* Spec Heat * Volume

* 1.0000 * 0.00000E+00

* 0.10600 • 6.40000E-08

" 5.50000E-02" 1.12000E-07

" 5.50000E-02" 6.40000E-08

* 0.10600 * 1.28000E-07

* 0.10600 * 1.28000E-07

* 0.10600 * 1.28000E-07

* 0.10600 * 1.28000E-07

* 0.10600 * 2.56000E-07

* 0.10600 * 3.28000E-07

* 5.50000E-02" 3.99999E-08

* 5.50000E-02" 4.00001E-08

* 5.50000E-02" 4.00002E-08

" 5.50000E-02" 1.28001E-07

Typ Cfg
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END

15

16

17

18

19

2O

21

22

23,

24,

25,

26,

27,

28,

29,

30,

31,

32,

33,

34,

35,

36,

37,

38,

39,

40,

41,

42,

43,

44,

45,

46,

47,

48,

49,

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450.00

450 O0

450 O0

450 00

450 00

450 00

450 00

450 00

450 O0

450 00

450 O0

450 O0

450 O0

450 00

450 00

450 00

450 00

450 00

450 00

450 00

450.00

BCD 3SOURCE DATA

NODE, LoAoV

END

BCD 3CONDUCTOR DATA

Conductor, NodeI, NodeJ,

I, 2, 3,

2, 2, 5,

3, 2, 17,

4, 2, i,

5, 3, 4,

6, 3, 29,

7, 3, 35,

8, 4, ii,

9, 4, 23,

i0, 4, 41,

ii, 5, 6,

12, 5, 29,

13, 5, i,

14, 6, 7,

15, 6, 30,

16, 6, I,

17, 7, 8,

18, 7, 31,

19, 7, I,

20, 8, 9,

21, 8, 32,

0.31540 *

0.31540 *

0.30400 *

0.30400 *

0.30400 *

0.30400 *

0.30400 *

• 0.30400 *

0.31070 *

0.31070 *

0.31070 *

0.31070 *

0.31070 *

0.31070 *

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-O3"

9.70000Ec03"

9.70000F-03"

9.70000E-03"

9.70000E-03"

• 9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.70000E-03"

9.141E-06

9.100E-06

0.3"0.14"7.0E-04

* HEAT/LoAoV

Conductivity*

6.43174E-04"

3.70300E-04-

3.70300E-04-

4.41326E-08

I.III00E-03*

1.81076E-05"

1.81076E-05-

I.III00E-03*

I.II100E-03"

1.14690E-04"

3.70300E-04,

1.62855E-05-

1.02834E-07

3.70300E-04-

1.62855E-05"

1.02834E-07

3.70300E-04"

1.62856E-05"

1.02834E-07

3.70300E-04-

1.64803E-05-

1-6-1

5.50000E-02"

5 50000E-02"

0 10600 *

0 10600 *

0 10600 *

0 10600 *

0 10600 *

0 10600 *

5 50000E-02"

5 50000E-02"

5 50000E-02"

5.50000E-02 t

5.50000E-02"

5.50000E-02"

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

0.22200 *

Effective A /

1.60000E-05/

1.56538E-05/

1.56538E-05/

1 60000E-05/

2 75781E-05/

2 75781E-05/

1 58185E-05/

1 58186E-05/

1 62597E-05/

1 54920E-05/

2 75750E-05/

1.54919E-05/

2.75750E-05/

1.57373E-05/

2.75750E-05/

1.60000E-05/

3.20000E-05/

2.56001E-07

3.28002E-07

1.28000E-07

1.28000E-07

1.28000E-07

1.28000E-07

2.56000E-07

3.28000E-07

3.99999E-08

4.00002E-08

4.00002E-08

1.28001E-07

2.56001E-07

3.28002E-07

1 47000E-07

1 47000E-07

1 47000E-07

2 24000E-07

4 48000E-07

5 74000E-07

1 47000E-07

1 47000E-07

1 47000E-07

2.24000E-07

4.48000E-07

5.74000E-07

8.84233E-09

3.55692E-08

5.75884E-08

3.20000E-07

6.39999E-07

8.19999E-07

Length L

5.50000E-03

6.14189E-03

6.14189E-03

5.50000E-03

4.74344E-03

4.74344E'03

3.31948E-03

3.31948E-03

2.21923E-03

8.28377E-03

5.01745E-03

8.28377E-03

5.01745E-03

8.14189E-03

5.01745E-03

1.20000E-02

5.50000E-03

$

$

S

S

$

S

$

$

S

$

$

$

$

$

$

$

$

$

$

$

$

S

$

$

$

$

$

$

$

$

$

$



22, 8,

23, 9,

24, 9,

25, 9,

26, i0,

27, ii,

28, ii,

29, ii,

30, 12,

31, 12,

32, 12,

33, 13,

34, 13,

35, 13,

36, 14,

37, 14,

38, 14,

39, 15,

40, 15,

41, 15,

42, 16,

43, 16,

44, 17,

45, 17,

46, 17,

47, 18,

48, 18,

49, 18,

50, 19,

51, 19,

52, 19,

53, 20,

54, 20,

55, 20,

56, 21,

57, 21,

58, 21,

59, 22

60, 23

61, 23

62, 23

63, 24

64 24

65 24

66 25,

67 25,

68 25,

69 26,

70 26,

71 26,

72 27,

73 27,

74 27,

75 28,

76 28,

77 29,

78 30,

79 31,

80, 32,

81, 33,

82, 35,

83, 36,

84, 37,

85, 38,

I, 8.82651E-08

I0, 3 70300E-04 * 1.60000E-05/ 1.82500E-02

33, 1 6_803E-05" 6.40000E-05/ 5.50000E-03

i, 1 76530E-07

34, 1 64803E-05" 8.20000E-05/ 5.50000E-03

12, i lll00E-03* 1.55513E-05/ 2.63896E-03

29, 1 74168E-05" 1.60269E-05/ 5.43065E-03

41, 1 22978E-05" 2.52990E-06/ 4.93949E-03

13, 1 IIIOOE-03* 1.55513E-05/ 2.63896E-03

30, 1 74167E-05" 1.60270E-05/ 5.43065E-03

42, 1 36677E-05" 5.27968E-06/ 6.23855E-03

14, 1 IIIOOE-03* 1.58864E-05/ 5.31948E-03

31, 1 74168E-05" 1.60270E-05/ 5.43066E-03

43, 1 41156E-05" 6.57955E-06/ 6.98848E-03

15, 1 III00E-03* 1.60001E-05/ 1.20000E-02

32, 1 66601E-05" 3.20000E-05/ 5.50001E-03

44, 1.48670E-05" 3.20000E-05/ 7.00000E-03

16, I.III00E-03* 1.60001E-05/ 1.82500E-02

33, 1.66601E-05" 6.40000E-05/ 5.50001E-03

45, 1.48670E-05" 6.40000E-05/ 7.00000E-03

34, 1.66601E-05" 8.20000E-05/ 5.50001E-03

46, 1.48670E-05" 8.20000E-05/ 7.00000E-03

18, 3.70300E-04" 1.54919E-05/ 8.28377E-03

35, 1.62855E-05" 2.75750E-05/ 5.01745E-03

I, 1.02834E-07

19, 3.70300E-04" 1.54917E-05/ 8.28377E-03

36, 1.62855E-05" 2.75750E-05/ 5.01745E-03

i, 1.02834E-07

20, 3.70300E-04" 1.57375E-05/ 8.14189E-03

37, 1.62856E-05" 2.75750E-05/ 5.01745E-03

i, 1.02834E-07

21, 3.70300E-04" 1.60000E-05/ 1.20000E-02

38, 1.64803E-05" 3.20000E-05/ 5.50000E-03

I, 8.82651E-08

22, 3.70300E-04" 1.60000E-05/ 1.82500E-02

39, 1.64803E-05" 6.40000E-05/ 5.50000E-03

i, 1.76530E-07

40, 1.64803E-05" 8.20000E-05/ 5.50000E-03

24, I.III00E-03* 1.55513E-05/ 2.63896E-03

35, 1.74168E-05" 1.60269E-05/ 5 43065E-03

41, 1.22978E-05" 2.52990E-06/ 4 93949E-03

25, I.III00E-03* 1.55513E-05/ 2

36, 1.74167E-05" 1.60270E-05/ 5

42, 1.36677E-05" 5.27966E-06/ 6

26, I.III00E-03" 1.58864E-05/ 5

37, 1.74168E-05" 1.60270E-05/ 5

43, 1.41154E-05" 6.57915E-06/ 6

27, I.III00E-03* 1.60001E-05/ 1

38, 1.66601E-05" 3 20000E-05/ 5

44, 1.48670E-05" 3 20000E-05/ 7

28, 1 III00E-03* 1 60001E-05/ 1

39, 1

45, 1

40, 1

46, 1

30, 1

31, 1

32, 1

33, 1

34, 1

36, 1

37, 1

38, 1

39, 1

66601E-05" 6

48670E-05" 6

66601E-05" 8

48670E-05" 8

06600E-05" 2

06600E-05" 2

06600E-05" 2

06600E-05" 2

06600E-05" 2

06600E-05" 2

06600E-05" 2

06600E-05" 2

06600E-05" 2

63896E-03

43065E-03

23854E-03

31948E-03

43066E-03

98848E-03

20000E-02

50001E-03

00000E-03

82500E-02

50001E-03

00000E-03

50001E-03

00000E-03

48688E-03

48688E-03

40000E-05/ 5

40000E-05/ 7

20000E-05/ 5

20000E-05/ 7

72784E-05/ 5

72784E-05/ 5

77019E-05/ 6.74344E-03

80000E-05/ 1.20000E-02

80000E-05/ 1.82500E-02

72784E-05/ 5.48688E-03

72784E-05/ 5.48688E-03

77019E-05/ 6.74344E-03

80000E-05/ 1.20000E-02

$

$

$

$

$

$

$

S

S

S

S

$

S

S

S

S

S

S

S

$

S

S

S

S

S

$

$

$

$

$

$

$

S

S

$

$

S

$

S

S

$

$

S

S

S

S

S

$

S

$

$

S

$

$

S

S

S

$

S

S

$

S

$

$
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86, 39,

87, 41,

98. 42,
89, 43,

90, 44,

91, 45,

92, 16,

93, 28,

94, i0,

95, 22,

96, 34,

97, 40,

98, 46,

40,

42,

43,

44,

45,

46,

47,0

48,0

49,3

49,3

49,2

49,2

49,4

1.06600E-05" 2.80000E-05/

1.06600E-05" 2.88368E-05/

1.06600E-05" 3.63320E-05/

1.06600E-05 t 3.98733E-05/

1.06600E-05" 4.00000E-05/

1.06600E-05" 4.00000E-05/

00111"0.0000126/21.0

00111"0.0000126/21.0

703E-04*l.06E-05/2.15E-02

703E-04*l.06E-05/2.15E-02

8E-05*l.06E-05/2.15E-02

8E-05*l.06E-05/2.15E-02

0E-05*I.06E-05/2.15E-02

END

BCD 3CONSTANTS DATA

M NDIM-4000

M TIMEO-0.0

M TIMEND-.250

M OUTPUT-.005

M DRLXCA-0.01

M ARLXCA-0.01

M NLOOP-1000

M DAMPA-0.03

M DAMPD-0.03

M DTIMEI-0.0001

END

BCD 3ARRAY DATA

END

C APPEND ALL FROM HERE...

BCD 3EXECUTION

CM CALL CSGDMP

M OPEN(UNIT_I0,FILEI'TC.XL',STATUSz'UNKNOWN ')

M CALL FWDBKL

CM CALL SNDUFR

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

CM IF(TIMEO.LE.5.) OUTPUT-I.0

END

BCD 3OUTPUT CALLS

M CALL TPRINT

CM CALL QNPRNT

C TDUMP

M WRITE(10,100)TIMEO, TI,T2,T4,T47,T48,T49

M i00

1 82500E-02 $

7 56547E-04 $

1 28469E-03 $

4 73953E-03 $

1 20000E-02 $

1 82500E-02 $

FORMAT (F6.3, 3X, F8.2,3X, F8.2,3X, F8.2, 3X, F8.2, 3X, F8.2,3X, F8.2)

END

BCD 3END OF DATA

END

4. SINDA 2-D model output"

C) COPYRIGHT 1952.19|3,19|4,19|$,19|6,19|7 J.D.G/_SKI $1NDA/19IT/ANSI 1.31 METMO_E ANALYSIS ASSOCIATES, INC. - PAGE

TC4AIMAR20

"'" NOTE *** FWDBKL REOUIRES 337 DYNAMIC STORAGE IXX_ATIOMS OUT OF 3453 AVAILABLE "'*

TIMEND- 0.25000 , CSGFAC- 1.0000 o DTIMEI- 0.10000E-03, RLC(_ - 1000

TIMEO - 0.00000E+00° OUTPW/- 0.50000E-02, DTIMEH- 0.10000E+09, DTI_D- 0.00000E+00

ARLXCA- 0.10000E-01° AT_CA- 0.00000E+00o DRLXCA- 0.10000E-0;, DTMPCA-- 0.10000E+09
EXTLIM- 50. 000

TI_- 0.00000E+00, DTIMEU- 0.00000E+00, CSGMIN( 0)- 0.00000E÷00, ATMPCC( 0)- 0.00000E+00, DTMPCC(

LOOPCT- 0 , ARLXCC( 0)-0.00000E+00, DRLXCC{

$1NPAT TI_ - 0.0000E+00

T -2 - 450,0000 T 3-- 450.0000 T 4 - 450.0000 T 5 - 450.0000 T G - 450.0000 T

T $ - 450.0000 T 9 - 450.0000 T i0 " 450.0000 T ii - 450.0000 T 12 - 450.0000 T

T 14 - 450.0000 T 15 - 450.0000 T 16 - 450.0000 T 17 - 450.0000 T I$ - 450.0000 T

01- 0.00000E+00

0)- 0.00000E+00

7 - 450.0000

13 - 450.0000

Ig - 450.0000
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T 20 * 450.0440 ? 2t - 4S0.000O ?

? 24 -, 4'L0.0000 T 2? * 410.0N0 ?
? 3a - 4S0.QMe ? $3 - 450.0000 T

? 't0 m 4$O. OWDO ? IS - 410.0000 T

? 44 * 4SO.0mO T 4S _ 450.0000 ?
T I . .t474.00_1 _0"

e* *teee*eeeee

TZ)i_ $.000008-03, O?Z]gg* $.00004|-05. ¢S_lnl¢ 413- 1oS1_238-04. A_¢C[

SZNPAT TTJI * $.00001-4]

? -2 _ U4.7109 T ] + $70.8774 ? 4 * 122.0491 T $ - 772.71N

T I * 771.0328 ? t * ?)g,10|D ? 10 * 471.0144 ? II - S0|.S4_0
T 14 * 47|.54N T 15 * 442.2232 T 16 * 4U.Sa91 T 17 * 772.71S0

? Z0 * ?71.0344 ? ZZ * ?31.los2 T _ + 471.0172 ? 23 - 100.444]

? 2S * 4?O.?lO? ? 27 - 442.39S0 ? 28 o 452.5_0 T 29 * 501.6420

T 32 e 5S1.|910 ? 33 _ $3S.9039 ? 34 - 4S4,3477 ? 33 * 114,44N

? 38 _ SS1.D4O2 T 39 * 535,0_1S T 40 _ 454,3594 ? 41 * 514.100S

? 44 _ 441,4180 ? 4S e 412.118_'7 ? 44 * 410.4147 ? 47' e 450.0400
T L _ $675.0040 ?

i***el***tl*e**el

TZIIo 1,00001B-01. DTZ_* S.00O04E-0S. ¢S411ZJI(

L_OSCT_ 4

$Z_PA? ?ZN8 * 1.000@1-01
? -2 * 2402.221? ?

T | * 2S34.2192 T

? 14 - 2042.7131 T
? 20 e 2534.72|$ ?

T 24 * 2O4$.?Sii f

? )2 * 2268.0701 T

? .tO * 2258,8047 ?

• 44 o 2010.S.t0| ?

• 1 * 3175.0000 T

* 484.0000 ? 23 _ 420.0400

28 - 4S0.0000 ? 29 - 4S0.0400

34 * 450.0000 T 2S - 480.0000
40 - 450.0000 • 42 e 450.0000

44 _ 4SO.0000 • 4• _ 4S0.0000

41)* l..tlZ18K*05, AnB¢¢(

,AM, ZCCI

2 * 2247.1N2 ? 4 * 2157,7484 ? S o 2535.133S
$ _ 231S.9326 ? 10 - 1844.$027 • _2 * 2132,2827

IS o 1941,3247 ? 16 - 1|12.4709 ? 17 * 2S3S.2021

21 o 2314,5090 ? 22 - IS45.33_J ? 22 - 2122.8413

27 e 1943.001S ? 20 e 1814.4447 ? 29 - 2529.2112

$3 * 2094.8M9 ? 34 * I830.4258 • 35 * 2329.3318

3J * 2091.0011 ? 40 * 1440,2751 ? 41 o |14S.T28]

45 * 1415.7419 T 44 * 1700.0454 • 47 * 450.0004

• _* 1.200011-41o OTZNIO_ S.00004|-0S, C_( 41)* |.$1212E'0S, A?JU_C(

4 , AALXCC (

$Z)BA? •_ _ 1.20001-01

• --2 * 24S2.1407 • 3 * 2413,0MS T 4 o 2222.113S ? $ * 2471.0884

T 4 - 2152.2?4t • 8 * 2434.8801 • 10 * 1144.8211 ? 11 * 2201,2318

? 14 _ 2221.4717 T 15 * 2131.3732 T II * 2004.7184 ? 17 * 2671.1177
? 20 * 2152.4477 ? 21 * 2435.358• ? 22 * 1J49.i0i8 ? 23 * 2309.1531

T 21 * 2227.3118 ? 27 * 2132.728• ? 28 * 2008.S281 ? 28 * 2487.1840

T 32 * 2422,7744 ? 33 o 2284,0048 ? 34 * 1?N.5245 T 35 + 248?.2870

? .tO - 2422.3810 ? 38 * 3254.8541 ? 40 * 17_1.7439 ? 41 * 3221.$101

? 44 - 2201.7874 ? 45 e 201S,7448 ? 41 * 10H.1118 ? 47 - 450,0000

T i * 3478.0400 ?

T 24 _ 4SO,OOQO T 25 * 450.0040
T 20 _ 440.0000 ? 31 - 450.0000

? 24 _ 420.4000 T .t? * 450.0000

T 42 m 4SO0000§ ? 43 * 4|0°0040

? 41 _ 4S0.0000 T 49 * 450.0000

0)- O.O000Ol*O0, D?JI'_C¢

0)_ 0.00000B+O00 D_I

182- .t.ll.t2i|*00

23)_2.121231-03

**0.******* ** e* • *

?ZNE* 1,250021-01. 9TZ)I_* S.00004|-0S, ¢_81

4

SZ_AT TZ)B * 1.2500|-01

? -2 * 2514.4302 • .t * 244i.754i ?

? 4 - 2477.52E4 ? 8 * 1410.3301 T

• 14 * 2211.0154 T 15 - 21?2,3450 ?
• 20 o 2177.8050 • 21 o 2410.1313 ?

• 24 * 2211.1440 • 27 * 2173.6274 ?

T .t2 * 2454.0185 ? 33 * 2394.2317 T

T • * 103.4513 ? ? " 101.2020

? I| * 4J9,7733 ? 13 " 48|.0|15

? 11 o 002.483i ? 18 * 001.2038

? 24 e 499.8274 ? 2S o 482.2595

? 20 o S8S,2042 ? 31 * 518.3755
T 34 - $85,2314 ? 3? . 518.4110

? 42 + 501.04J4 T 43 * 407.7741

? 48 o 4|0,0001 ? 48 o 448.$88|

0)0 0.000008*00, _(
02- 0.000001+40, OPJ, XCC(

45)0 5.603038-01
112_1+22070E-03

? E * 3118.3254 ? ? - 2ttl.334t

? 13 * 2111.1131 ? 1.t o 2011.8492

T 11 * 2618.5038 • 18 - 2110.4270

f 24 * 2111.4719 • 2S * 2018.6.t43

? 30 * 2311.40H ? 31 * 2374.9?00

? 36 - 2308.?043 T 3? . 2377.4324
? 42 * 2121.7S12 • 43 - 2082,?754

? 48 - 450.0001 • 48 * 440._715

0)+ 0.000008+00. D12_CC(

0l 0 0.000008+00, OI_CC(

452- 4.443.t48+0_

112_9.785438-04

? • o 2743,5344 T ? - Z?.t8.i?11

• 12 0 1288.6130 ? 13 * 2288.15_3

• 18 - 2743,1973 ? 18 * 27.t?.l.t01
? 24 * 22_0,0088 T 25 - 2288,7097

• 20 * 2538.5447 ? 31 * 2524.8282

? .tl - 253i.1158 ? 37 * 2525.2188

? 42 * Z300,4_05 ? 43 * 22?4.9255

T 41 * 450,0001 ? 48 * 451.0855

413* 1.51213|-0S, A_(

.APJ.X¢¢(

0)* 0.00000|+00, D_CC(

0)- 0.000001+000 0P_XC_(

4 * 2318.1517 ? 5 * 2700,_71 ? 8 * 2770.1509 !

I0 * 11_S.4343 ? 11 " 2344._124 ? 12 0 2328.0441 •
11 * 2048.1818 T L? - 2700.2181 • 11 . 1770.3079 •

23 0 1494.2881 ? 23 * 234?.1948 • 24 * 2328,41H •

21 - 2040.34_ ? 28 * 2521.141• • .tO - 25?0.i147 •

.t4 * 1133.t341 • 35 o 2321,2464 T .t8 * 2571.05.t4 ?

43)* 4.19118|'01

12)_?.32422Z-04

7 - 2782.2424
13 " 2307.9744

19 - 2782,4958

25 - 2301.4973

31 - 255_.6958
.t7 * 2557.0710

1(¢) ¢O_YRZ_T lS_.1_03.1_44,1_S, 144_,1847 J.D.GASEZ S_[OA/19|T/N(|2 1.21 _ NSA_YSI| NIJ¢¢ZAT_I. _NC. * FA_

T¢4A2NA_2O

? 38 * 2451.1055 ? .tD o 2391.1372 ? 40 o 1234.0911 • 41 * 2358.4241 ? 42 * 2338.8158 •

? 44 o 2343.0043 ? 42 e 2131,8134 ? 44 * 183_.0730 ? 47 * 4.t0.0000 ? 48 * 450,0001 •

? i * 1475.0004 ?"

e**lll**lloell*e*

?_)£- 1.300021-01, OT_80° $.000042-09, CEI

4

SIJ_A? ?2NB 0 1.3000|-01
T "2 * 2114.815| ?

? 8 * 2701.2844 ?

• • 14 * 2303.3892 T

• 28 - 3701.4438 ?

• 21 * 2304.1430 ?

• .t3 - 2407.3401 T
• )l * 2487.8401 ?

• 44 - 2111,i7_4 ?

• I - _478.400_ ?

41)- 1.512138-05, A_(

.AN, XCCI

0)- 0.00000|+00, D'_I_C(

01- 0.0OO0O8+00. 0B/_O_1

.t * 2482.3J]I ? 4 * 2405.04_ • S + 2727.707S ? 8 * 2795.2139 ?

• * 2484,3_]7 ? 10 * 1730.7418 • 11 * 2382.8374 T 12 * 23_4.2483 T

1I " 2320,8775 ? 11 * 2081.2121 • 17 0 2737.7471 ? 1| o 2744,344_ T

21 * 2404.1044 ? 22 o 1721.4387 ? 23 * 2383.0383 ? 24 o 2344.8211 ?

2? - 2212.1917 ? 28 * 2089.7808 • 29 e 2553.1519 T 30 * 2441.2024 ?
33 - 2322.4813 ? .t4 " 1845.3713 • 38 " 2553.2444 T 31 - 2141.4348 •

28 - |]_3.3S13 T 40 * 11H.4717 • 41 o 2395,1088 T 42 * 2375.2893 •

4| * 211D.I021 ? 44 -- 1874.$312 • 47 * 48§.0000 ? 4i * 450.0001 •

• eeeleee

• I_lr_ 1.380448-41, 0T2MI_ 5,000041*03. ¢_N.1]f(

_0gC_ 4

SZI_A? TZNE - 1.34008-01

• -2 o 2443.4448 ?

? 8 o 2723,4004 •

• 14 * 2338.$735 •
? 20 - 2724.0129 •

? 25 * 233_,287| •

• 32 - 2411.iS1] ?

• 21 * 2817.2843 T

• 44 o 2315.$081 •

? i * .t875.0000 •

41)- 1.$1213|-05. AT_¢CI

,AAZ_¢¢(

|

43 - 2314.1432

48 * 451.1182

3 * ZS14.0813 T 4 * 243i.3908 • $ ° 2753,3844

8 - 2504.8103 • 10 " 1744.$117 ? 11 * 2414.Uli
15 - 2247.4001 ? 14 - 2125,4072 ? 17 - 2743.4821

21 o 2507.3831 • 22 * 1743.1252 ? 23 * 2411.1215

2? - 2240,$479 • 28 * 2128,t800 • 2t . 2883.$04J

33 * 2382,ii75 ? .t4 - 1195.9475 • 38 - 28i]03988

39 - 2383.?078 • 40 - LI_.9_I? • 41 - 2428.7427

45 o 2207.$744 ? 44 - 2013.8440 • 47 - 450.0000

.._.,t***....**TINI.,I.400021o01, DTZ_ $.000048o04, CJK_lf(

4

45)* 3.95020E-01

112_8.744_38-04

? * 2714.12|4

13 " 2344.$_32

18 * 2784.)740
28 o 2348.08|I

31 " 2511.4231

.t? * 24i4._i17

43 * 2381.14|_

48 - 482.2|3i

412- 1.512138-O$, AT14_C_(
• AXI,X¢Cl

0)- 0.000001000, 0_CC(

0)- 0.00000|*00, DB_C_I

45)- $.72558E-0_

ll)_9.7ES43[-04

• I * 2111,120] ? ? ° 2101.4221

? 12 * 2381.4011 • 13 - 2378.0515

• 11 " 2ili. HS1 ? 18 * 210i.8591

• Z4 - 2398.7427 ? 25 - 2375.$1||

? .tO - 2449.1279 • 31 - 2814.8191

• .t4 - ZI30,0438 T .t7 - 2414.1811
• 42 - 2405.4170 ? 43 - 2.t11.0100

? 4i . 4.t0.000L • 48 - 481.3i?t

SIN_AT •I38 - 1.4000|'01

• -2 * 2170,4250 T 3"- 254.t,8144 ? ¢ - 248_.i221 T S o 2?7?. _li3

? 8 o 2744.744| ? 8 * 2528.2002 ? _0 - L784.|$13 • 11 * 2448.4828

• 14 * 2371.7.t4] • 15 m 2281.7344 T 18 o 2160.42_2 • 17 * 2771.0413

03- 0.00000|+00. O'_C_I

01- 0.000008000, 0ALX¢C(

482_ .t.$184.t[-01

11|_D.745_38-04

• 6 * 2841.0571 • 7 * 2||8.i09i

? 12 - |430.$iil • 13 * 2411.5578

T 18 - 2141.1NS ? l_ - 2130.037_
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? 20 - 2743.0413 ? 21 - 252|.4443 T

? 24 - 2372.4114 ? 2? * 2202.8191 ?

? 32 o 2344.4S_ T 33 - 2381.$3S2 T

T 3J * 2443.1444 T 29 - 2202.3127 T

T 44 o 2344.0430 T 45 - 2244.1470 T

T L - 3475.94HI1 T

• eelom•• oQ

TZNE- 2.450021"_1. _ S.00004l-OS. C.SGIIZII(

ZJ:(X'¢T- 4

SIVA? TZl41 - 2.4S008-01

T -2 * 249S.14i6 T 3 o 2S72.2207 T

? 0 - 2764.41H T • - 2348.2471 T

? 14 - 2402.9541 ? 13 - 2334.1013 T

22 - 1747.4305 T 23 - 2440.4434

20 - 21£2.0410 T 20 - 2411.7234

34 e 2924.?4U T 2S o 2411.M74
40 + 2923.?410 ? 41 _ 24E0.4424

44 * 2049.2209 T 47 * 4S0.0000

T 24 -- 2430.•020 ? 2S - 2422.0000

T ]0 " 2604.0010 T 31 " 2641.3455

T 34 - 24S7.0090 T 37 - 2641.7117

T 42 I 2441.7002 T 43 o 2424.8494

T 40 m 430.0001 T 49 - 451.4904

41)- 1.$12138-0S. A_41bC¢(

.MU_¢C!

0)o 0.00000B+00, _!

0|- 0,00000|+00, D_I

4 - 2493.4433 ? 5 - 2800.369S

20 * 27|?.9003 T 11 o 24?8.5039

14 o 2193.759$ T 27 o 2i01.020i

4S)- 3.31543[-01

122_?.324221-04

T 4 - 2042.0044 ? ? - 2549.74?4

T 12 o 2440.9175 T 13 - 2442.1•73

T 10 - 2042.1355 ? I• - 284•.$034

1(C) ¢_l'YItZ_,dlT 1902.1003,1604.1903. 2904. 2907 J.D.G_SKZ 41]IDA/190?/AN|Z 1.31

TC4AIJ_Ut20

? 20 - 2744.92S0 T 21 _ 2S40.4744 T

T 2g - 2403°$330 ? 27 . 2315.1252 T

T 32 - 2570.81S? T 23 - 2400.5322 ?

T 30 - 2571.3447 T 39 * 2409.2712 ?

T 44 o 238S.5914 ? 45 - 2278.2502 T

T 2 - 34?5.0000 ?

ewe eeeeeeeeee •

TZIII- 1.$00021-01. D'JP_llrOo 5.000041-050 ¢3_IIZN(

3

SIN_AT TZ3m . 1.$0001-01
T -2 - 271•.1042 T 3 - 2590.640? T

T i - 2713.3249 T 9 * 2547.1319 T

T 14 o 2432.4578 T 15 * 2344.6044 T

T 20 o 2713.i187 ? 21 - 2547.5474 T

T 24 o 2433.0402 ? 27 - 2345.5742 T
T 32 o 2495.5S81 T 33 - 2433.9?43 T

T 34 * 2594.0129 T 39 _ 2434.4?40 T

T 44 - 2415.2 P$3 T 45 - 2310.3945 T

T 2 - 34?5.0000 T

Jee e,4o ore•, • e•ee

?_NE- L.55002|-010 DTZIIIU* 5.000044-00. CSGI_H¢

L_OffC'P- 3

SZMPAT T_ll - 1.55001o01
T -2 o 2742.3799 T 3 - 2_3.133| T

? I - 2000.9S34 T 0 - 2S04.9373 T

T 14 o 2440.2243 T LS - 2373.3601 T

T 20 - 2001.2322 T 21 , 2515.3235 T

T 24 . 2440.?_1 T 2? - 2374.2747 T

T 32 . 2¢11.1279 T 33 . 2457.9341T

T 38 , 2419,2S00 ? 39 , 2458.4172 ?

T 44 o 2445,1545 T 45 " 2340.4931 ?

T L o 3473.0000 T

eeo eoJe• • •

TZNR- 1.400021-01, DTZN_J- 5.000041-05, CS_(2N(

Lo0t_r- 3

StNPAT ?ZNE - 1.10004-01

T -2 o 2743.6543 T 3 o 264?.2170 ?

T 8 - 2817.5303 T • - 2601.7041 T

T 14 - 2404.360? ? 15 - 2400.4419 ?

T 20 m 2827.8240 ? 21 - 2602.0747 T

T 24 - 2414.•343 ? 27 - 2401.3240 T
? 32 - 2&40.7544 ? 33 - 2400.5500 ?

T 31 o 2142.1140 ? 39 - 24|1.1770 T

T 44 - 2472.4534 T 45 o 2349.2520 T

T 1 - 3675.0000 ?

22 - 1711.4t21 ? 23 - 2471.4731

21 - 2193.0931 T 29 - 2131.5017

34 , 1951.9329 T 35 - 2i38.$014

40 . 1952.0740 ? 41 * 2490.3191

41 o 2082.480? ? 47 + 450.0000

41)- 1.512134-05. &_(

.AALX¢C(

NIALYJI211 Jd,JOCZATILI, ,_lC. * PA_K •

4 * 2527,3604 T 5 o 2022.f014

10- 1407.?361 ? 11 " 2504.7937

14 _ 2224.941M T 17 o 2022.6734
22 o 1100.2734 T 23 * 2504.9539

20 * 222S.24i3 ? 29 o 2443.7334

34 - 1477.5332 T 35 , 2643.0220

40 * 1•71.4202 T 41 e 2510.4739

46 - 2123.4313 ? 47 - 450.0000

? 24 - 24tl.2140 T 25 " 2442.4140

? 30 * 2U2.2192 T 31 . 2444.4110

? 34 * 2612.4150 T 37 - 2664.7241

? 42 o 2472.0004 T 43 - 244•.8414

? 48 o 450.0001T 49 o 441.$930

41)- 1.512131-000 A1NffCC(

0 /dlLXCC (

01- 0.000001500. _CC( 452- 3.12012_-01

0)-- 0.00000E+00. DRI,XCC( 42)- $.733_31-¢3

4 - 2553.4?41 T 5 - 2143.0211

20 - 1121.4248 ? 11 * 2533.440?

14 , 2254.4238 ? L7 - 2843.0723

22 " II2i.9300 ? 23 o 2533.4113
28 + 2255.4143 ? 29 o 2487.5111

34 * 2001.447S T 33 o 2$07.3014

40 - 2002.5142 T 42 - 2545.012?

44 - 2143.3033 ? 47 o 450.0000

? 4 -- 2011.7373 T 7 - 2841.5611

T 22 * 2409.$007 T 13 , 2471.0730
? 11 , 2111.1460 T 14 - 2141.??39

T 24 " 2409.7117 T 23 o 2471.4470

T 30 - 2?04.2402 T 32 - 24•0.00)7

T 34 o 2?04.3547 T 37 - 2490.2949

? 42 - 2300.7117 T 43 - 247•.Q3Q_

? 41 o 450,0001 ? 4• - 451.4•72

41)o 1.$22131-05o A_I

.NU,_CC!

02o 0.000001*00. D2NfO_( 45]- 2.•4119[-01

01- 0.000001÷00. DP._XCC( 41)- 9.27734[-03

4 o 2571.4714 ? 5 - 21t2.2339

10 * 1144.0417 T 11 - 2350.5914
1$ , 2212.1197 ? 17 - 2142.297t

22 * 1144.1219 ? 23 , 2338.7339

21 * 2283.2935 ? 29 o 2709.32|0

34 - 2024.4131 T 33 - 2?09.6054

40 - 2025.2151 ? 42 - 2570.022?

44 - 2171.2439 ? 4? - 450.0004

? 4 - 2600.320• ? ? - 2144+212_

T 22 - 2$14.4419 T 13 " 24_0.21_3

T 10 - 2900.4521 T lJ - 218447_5
T 24 _ 2314.70?5 ? 25 " 24•0.4624

T 30 . 2?20.73$4 T 31 - 2712.2290

T 34 , 2720.9131T 3? - 2712.5013

? 42 . 2527.6913 T 43 - 2504.5422

? 40 . 430.0001T 49 - 451.80S?

Till•- L.I0002|-01° _'L'II_J- 5.00004|-05, ¢_GIIM( 41)- 1.$12134-05. ATIg_C(

3 . NU,XC¢!

S_rAT TZJ_ * 1.10001-01

? -2 ° 2137.1041 T 3 - 2720.4499 T 4 - 2444.2094 T $ - 2920.4992
T 8 - 2174.9314 ? 9 . 2_59.1391 ? 10 o 1904.9141 ? 11 - 24,45.4124

? 14 ° 2376.1177 ? 13 o 24_4.1504 T 14 * 237i.0920 T 17 - 2920.7344

T 20 ° 2875.1304 ? _1 o 2_9.H04 T 22 ° 1905,3245 T 23 ° 244$.5747

? 26 o 2577.2917 ? 27 ° 2494.8310 T 21 ° 2378.9797 T 29 o 270?.3043

T 32 o 2711.5427 T 33 ° 2550.4504 ? 34 - 2103.0334 T 35 o 2707.43_

T 30 _ 2716.1701 T 30 - 2S$9.141J ? 40 - 2103.6729 ? 41 o 2454.4741

T 44 - 2$11.477$ T 43 - 2447.5011 T 44 - 2247.5140 T 4? - 450.0000

T L - 247S.00_ T

02- 0.00000l÷00. 0T1_C¢1 45)- 2.77100[-01

02-- 0.00000E+00. ORLXC¢I 41)- 1.54452[-03

T 0 - 2917.0535 ? _ - 2_2.9_39

T 12 - 2541.1320 ? 13 - 2423.•404

? 18 - 2917.9144 ? 1• - 2•03,1_72

T 24 - 2542.0825 T 25 - 2524.2•10

? 30 - 2750.0044 T 31 - 2733+_755

T 34 . 2750.1709 ? 37 - 2733.43?3

T 42 - 2553.2294 T 43 - 2532.4?0?
T 40 - 450.0001 ? 4• - 451._131

02- 0,000001*00. OT'_'CC(

0l- 0.000001+000 DP.Z,X¢¢(

442- 2.119•4[-01

41) ° 7.080041-_3

T E " 2978.309t T 7 - 2•40.6343

? 12 o 2_9.4006 T 13 " 2412.6072

? 10 -- 2978.4844 T 1• - 2940.?156

? 24 , 2029.7603 T 25 - 2612.1141

T 30 - 2123.$044 T 31 - 2105.5571

? 30 - 2823.4377 ? 3? - 2405.?159

? 4_ - 2441.0420 T 43 ° 2022.0_8•

T 40 -- 450.0002 ? 4• - 452.3480

14C) COPYRIGHT 2J1_,1603,1604.1NS, 1•04,1907 J.D.GASKZ SlNOA/I•IT/NIJI 1.31NIrlq_SK AMALYSZJ AJJ_ATILS, :NC. - pA_

TC 4A1J4_q20

• • ,,e0

TtJ_- 2.000031-410 + 5.000041-05. C.II_IZII(

3

S2_PAT ?IJf, - 2.00001-01

T -2 " 2195.1809 ? 3 * 2792.•192 ?

T I - 2•2051721 ? $ - 2705.3281 ?

? I4 - 2640.2343 T t5 - 2500.0423 T

T 20 o 2020.3494 ? 21 - 2704.S718 T

T 20 - 2640.5710 ? 27 - 2500.0014 T

T 32 * 2774.2101 ? 33 - 2420.2430 T

(C) _PYRICd4T 1982.1912,1944. 1•15, 1914. 1987

TC 4A l.l_Pd_ 0

T 38 - 2774.$401 T 3• - 2_20.4503 T

T 44 - 2341.0093 T 44 - 2545.4747 T
T I - 3475.0000 T

7214_ 2.500001-01. DTZI4_J- 4.47002F,-04. CSG)IZNI

I._OI'C?'- 3

412- 1.$12131-05, Al141_C(

._(

0|o 0.0000011+00. D2_CC(

0)o 0.000001÷00. DP_C(

45)° 1.724071-01

41)- $.6_$234-03

4 o 2721.104! ? 3 o 2•i1.1042 ? 4 - 3024.1323 T ? - 3004.1042

10 - 1952.•$34 T 11 - 2713.6093 T lZ - 2490.8302 ? 13 - 2412.$$22

10 - 2453.7444 ? 17 - 2981.1353 ? 11 - 3024.210Z T 19 - 3006.2295

22 - 1•53.2742 T 23 - 2714.0779 ? 24 - 2441. •922 ? 25 - 2_82.?_I2

21 o 2434.4712 ? 29 - 2044.4000 ? 30 - 2801.4741T 31 - 2142.6453

34 - 2144.0111T )3 o 2440.$239 T ]4 - 2113.3121 T 37 - 2142.1_42

+.O+G.J4_KZ 5IMOAJ160T/AN$I 1.31 NI_ ANALY$Z$ A.5.SGCZATLS, 2NC. - PAG_ _2

40 - 2164.$78_ T 41 - 2724.6733 T 42 o 2710.3•14 T 43 - 2492.1022

44 - 2343.$432 T 47 - 40050000 T 48 o 450.0002 T 4• - 452.?054

412- 1.512131-05. A'I•_CC( 0)- 0.00000_÷O0, 0T_CC( 43)o 8,_3445[-02

, AJ_XCC( 0)o 0.0000OK_O0. DA2J(¢C( 41)* 2.41555[-03
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5ZNPAT TI_ - 2.$000E-01

T -2 - 2992.0896 T 3 - 25_0.2842 T 4 - 2844,8040 T 5 - 3081.6G97 T 6 - 3105.0997 T ? - 3012.075T

? 8 m 2995.74;00 T 9 - 2781.6931 T 10 - 2033,3259 T 11 m 2820.5078 't 12 - 2814.5398 T 13 - 2?99.4434

T 14 - 2767.5090 T_ 15 - 2891.5520 T 1_ - 2580.2639 T 17 - 3068.602_ T 10 - 3105.9419 T 19 - 3002.1472

T 20 - 2995.8?06 T 21 - 2781.8330 T 22 * 2033.5054 T 23 - 2820.554;9 T 24 - 2|14.4;25'7 'I' 2 'L - 2?99.3645

T 24; - 274;7.4;948 T 2? - 24;91.8911 T 21 - 2580.4;530 T 2_ - 2950.5710 T 30 - 2978.3414; T 31 - 295|.0371

T 32 - 28?4;.2087 T 33 _ 2723.21.51 ? "44 - 22ES.J0G4 T 35 - 2950.59.55 T 36 - 2970.4019 T 3? - 2950.1321
T 30 - 2176.3538 T 39 - 2723.439? T 40 - 22G9.0894 T 41 - 2838.G402 '1' 42 - 2826.2834 T 43 - 2810.9580

T 44 - 274;5.2290 T 45 - 24;74;.04;13 T 44; - 2470.4;101 T 47 - 450.0000 T 40 - 450.0000 T 49 - 453.9207

T 1 - 36?5.0000 T

Comparison of 2-D model and hand calculation results:

Tim_ Tgu 1"2 T4 Tc_ Tdiff

(sec) _) (R) (R) (It) (R)
0.0000 3675.0 450.00 450.00 450.00 0.0000
0.0050 3675.0 684.86 520.58

0.0100 3675.0 875,83 635.19

0.0150 3675.0 1042.0 756.93
0,0200 3675.0 I188.8 877.21

0.0250 3675.0 1319.9 993.27 999.O0 6.0000

0.0300 3675.0 1437.9 1104.2

0.0350 3675.0 1545.1 1209.7

0.0400 3675.0 1643.1 1309.8
0.0450 3675.0 1733.2 1404.6

0.0500 3675.0 1816.6 1494.3 1454.0 -44.000

0.0550 3675.0 1894.0 1579.1

0,0600 3675.0 1966.1 1659,2

0.0650 3675.0 2033.5 1734.9

0.0704) 3675.0 2096.6 1806.4

0.0750 3675,0 2155.8 1873.9 1832,0 -41.000

0.0800 3675.0 2211.4 1937.6
0.0850 3675.0 2263.6 1997.6

0.0900 3675.0 2312.7 2054.3

0.0950 3675.0 2358.9 2107.8

O.1000 3675.0 2402.4 2158.1 2145.0 - 13.000

0.10500 3675.0 2443.3 2205.7

0.11000 3675.0 2481.9 2250.5

0.11500 3675.0 2518.2 2292.7
0.12000 3675.0 2552.4 2332.5

0.12500 3675.0 2584.7 2370.1 2406.0 36.000

0.13000 3675.0 2615.1 2405.4

0.13500 3675.0 2643.7 2438.8

0.14000 3675.0 2670.7 2470.2

0.14500 3675.0 2696.1 2499.9

0.15000 3675.0 2720.1 2527.8 2622.0 95.000

0.15500 3675.0 2742.7 2554.1

0.16000 3675.0 2763.9 2578.9

0.16500 3675.0 2784.0 2602.3

0.17000 3675.0 2802.9 2624.3

0.17500 3675.0 2820.7 2645.1 2801.0 156.00

0.18000 3675.0 2837.5 2664.6

0.18500 3675.0 2853.3 2683.1

0,19000 3675.0 2868.2 2700.4
0.19500 3675.0 2882.3 2716.8

0,20000 3675.0 2895.5 2732.2 2950.0 218.00

0.20500 3675.0 2908.0 2746.8

0.21000 3675.0 2919.7 2760.5

0.21500 3675.0 2930.8 2773.4

0.22000 3675.0 2941.3 2785.6

0.22500 3675,0 2951.1 2797.1 3073.0 276.00

0.23000 3675.0 2960.4 2807.9

0.23500 3675.0 2969.1 2818.1
0.24000 3675.0 2977.4 2827.7

0.24500 3675.0 . 2985.1 2836.7

0.25000 3675.0 2992.4 2845.3 3175.0 330.00
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Tc probe - nodal layout
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IV.

V ,

* Temperature differences (Tdif0 between the hand calculation and 2-D model results are
plotted for easy comparison.

Comments:

The temperature differences between both the simple model, 2D model, and hand
calculation results are wider as the time gets larger. The hand calculation temperatures are
higher than the simple output since there is a thermal sink included in the thermal network,
therefore heat is allowed to conduct away from the tc probe base. In the case of the 2-D
model, the thermal node representing a the thermocouple junction is heated up quicker than
a whole lumped node assumed for the hand calculation during the early part of the
measurement time. However, in the later part of the measurement, the temperatures of tc
probe are lower than the hand calculation results since, like in the previous case, heat is
allowed to conduct to the thermal sink.

The hot gas temperature and heat transfer coefficient in this problem axe estimates. Efforts
are in progress to extend this study to define a spike temperature during start incorporating
the computational fluid dynamics study, a calculation of the heat transfer rates from the hot
gas to probe as functions of species mass flow rates, and possible data from a future
instrumented I-IPFTP engine test.

References:

.

2.
The Temperature Handbook, 1990/91 by Omega Engineering Inc., USA.
Holman J.P.: "Heat transfer," Mcgraw-Hill Book Co., New York, 1981

x,.__
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CHAPTER 1: STEADY STATE AND TRANSIENT CONDUCTION WITH
CONVECTION

SECTION 7: SSME HPOTP First Disc Seal Pilot Rib Cracking Thermal
Analysis.

ANALYSIS CODE: ANSYS

I. ANSYS Description

The finite element method is an analytical procedure whose active development has been
pursued for a relatively short period of time. The basic concept of the method, when
applied to problems of structural analysis, is that a continuum (the total structure) can be
modeled analyticaUy by its subdivision into regions (the futile element) in each of which the
behavior is describe by a separate set of assumed functions representing the stresses or
displacements in that region. The finite element method is a numerical procedure for
solving a continuum mechanics problem with an accuracy acceptable to engineers.
Classical methods describe the problem with partial differential equations but yield no

answers because the geometry and loading are too complicated. In practice, most problems
axe too complicated for a closed-form mathematical solution. A numerical solution is
required, and the most versatile method that provides it is the finite element method, The
method also has disadvantages. A specific numerical result may be found for a specific
problem but there is no closed-form expression that permits parametric study and
verification of the results can only be done through additional numerical solutions. A
computer and a reliable program are essential. Experience and good engineering sense
needed to construct a good representative model with appropiate boundary conditions.

The finite element method is not restricted to problems of structural mechanics, versatility is
an outstanding feature of the finite element method. Steady state and transient heat transfer
problems may be solved by finite element techniques analogous to those used for structural
analysis. Table 1 describes the analogy between boundary condition concepts.

Boundary Condition

specified nodal temperature

specified nodal heat flow

specified convection

note: convection also affects
the effective thermal

conductivity matrix

internal heat generation

Table 1.

specified nodal displacement

specified nodal force

specified pressure

body force (gravity)

Boundary condition analogy
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A finite element _tlysis of an engine_ing system requires the crea6on of a finite element
model. The model is a mathematical idealization of the real system. Nodes, elements, and

boundary conditions are used to describe the basic concept of the method: the
transformation of an engineering system with an infinite number of unknowns (the

response at every location in a system) to one that has a finite number of unknowns related
to each other by elements of finite size.

The unknowns, called degrees of freedom (DOF), see figure 1, represent the responses to

applied actions. Table 2 shows the various types of degrees of freedom and their
engineering use.

Appli_n__'on Action Type of DOF

slructural force displacement

heat transfer heat flow rate tern_

electrical current volt

magnetics current magnetic potential

fluid flow fluid flow rate pressure

Table 2. Degree of freedom and their engineering use.

The degrees of freedom and the actions are related by a set of basic eq.uations. The purpose
of the finite element method is to determine the solution to these equauons across the entire

engineering system being analyzed. The simplest form of a basic equation is:

[K]{d} = {A}

where {d} is the degree of freedom vector, {A} is the action vector, and [K] is the matrix

relating {d} to {A} (often called the stiffness or coefficient matrix). In general, [K] and
{A} are known, and {d} is initially unknown.

The actual form of a basic equation is determined by the type of analysis being performed.
For instance, for a steady-state thermal analysis, the equation is:

where

[KI{T} = {Q}

[K] is the thermal conductivity matrix,
{T} is the temperature vector, and
{Q} is the heat flow rate vector.

In order to solve the basic equation across an entire engineering system, the system must !_

represented (modeled) by discrete, interconnected pieces (elements). Once [K] is
determined for each element, all of the individual [K] matrices are assembled to form the ,,

of simultaneous equations, [K] {d} = {A }. Solution of the simultaneous equations give_

response values at every degree of freedom across the entire system.
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Thenu_nberof degreesof freedom(DOF)atanodeandtheir
meaning(temperature)aredetermined by the element type.

Some examples follow:

3-D Thermal Bar

STIF33 2 nodes 3-D space
No. of DOFs: 1

DOF: Temperature

L:

I

K

..J

2-D Multi-Field Solid

STIF13 4 nodes 2-D space
No. of DOFs:4

DOFs: Displacement in X
and Y directions.

Temperature and
Magnetic Potential.

O

M

K

I J

3-D Thermal Solid

STIF70 8 nodes 3-D space
No. of DOFs: 1

DOF: Temperature

Figure 1. Element Descriptions

The element is the critical part of the finite element method. The element interconnects

degrees of freedom, establishes how they act together, and determines how they respond to
applied actions.

Every element has one or more nodes that lie along its boundary. Information is passed
from element to element only at common (shared) nodes: See figure 2.
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Node A coordinate location in space where degrees of freedom (displacement, flux

potentials, temperature, etc.) and actions (forces, flux densities, heat flow, etc.) of the
engineering system are considered to exist.

E/e_nt A mathematical, matrix representation (called a stiffness or coefficient matrix)
of the interaction between the degrees of freedom of the set of nodes. Elements may be
lines, areas, or solids and can be two or three dimensional.

element

_i{::-'._.::_!iii:." '"_!' _::._i_!_i_t_._!i!!.":-::i::::_
_i: :::._.::_::_::::_..__::::::::::-:::_

:. : _.+>i:_i.:.::::::/_,.;:_:-:,::::.:_:::_::_:: .:::::.__:_..

:::::::::::::::::::::::: ::_2 :': _ ill : ::_::_:: :+:::-:-.'N._:_:.::::::::::::::::::::::::::::::::_: :i:.:_:i:.'.'8:::.::::::: :_:_:!::.'2::-'.:SS:

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

::: :::_::::_:::::::::::::::::::::::::::::_:"::_:::i ::::::::::::_':_::_:
:_:_:._i::::_:_:_:_:_i:_?.!_?_:_._i::_.::_;._::_::_:_:i:!:_:

ii:.i::::::::_:._..-.:_:_._:_::_::::_:::l_.'_._:_ :_:.__::::_:::::ill

element A does not communicate with
element B

:_:::::: :"_!i!_'_':_:_:'_:':'.':'_.;".'-':::::-:::'_::::::::::::_._ '.i_i:i:ili_!:_?_':':_::'.'._:.'-':_.-:::::_:::::'_'::'_:_":'__!!!:i:i'_:_:':_,-
:: :: : :: _:. _.::.::::::::::::::::::::::::::::::::::::::::: :::: ::::::::: : :,.. :_: ::::::::::::::::::::::::::::::::::::::::::: ::: ::::::::: ::::.._ ..:.::::::::::
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=============================================================================================

element A and B communicate

Figure 2. Element Connectivity

To obtain solution data for the entire system being analyzed, the [K] matrices for the
individual elements are assembled into a global [K] matrix. This is straightforward since

the elements are mathematically connected to each other by their nodes. The resulting

global set of simultaneous equations can then be solved for the unknowns (degrees of
freedom).
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The ANSYS code is a large-scale, general purpose computer progr-,un for the solution of
several classes of engineering analyses. Analysis capabilities include static and dynamic;
elastic, plastic, creep and swelling; bucklinff, small and large deflections; steady state and
transient heat transfer, electrostatics, magnetostatics, and fluid flow. The matrix
displacement method of analysis based upon finite element idealization is employed
throughout the program. The library of finite elements available is over twenty for heat
transfer analyses. Loading for heat transfer analyses include internal heat generation,
convection and radiation boundaries, and specified temperatures or heat flows.

ANSYS uses a frontal equation solver which performs the assembly and solution steps
simultaneously. The frontal (also called wavefron0 equation solver simultaneously
assembles and solves the global set of simultaneous equations. The number of degrees of
freedom in the global matrix at any given time constitutes the wavefront. The wavefront
swells and shrinks as the elements are processed. Large wavefronts require more computer
resources than small wavefronts. The wavefi'ont is smallest ff degrees of freedom can be
removed as soon as possible from the global matrix after the degrees of freedom are added.
Since degrees of freedom are added based on the element order, adjustment of the element
order can be used to reduce the wavefront. Once the degrees of freedom are determined,
derived results (if any) are calculated within each element using its shape functions.
Thermal flux and thermal gradient are examples of derived results for a thermal element.

HEAT TRANSFER ANALYSIS (KAN---I)

Steady.state thermal analysis is used to determine the steady-state temperature
distribution in a structure or component that is subjected to thermal loading. "Steady
state" means the temperature distribution is not function of time. That is, transient effects
arc not considered. The steady-state thermal analysis solves the following equation:

where
[K] {T} = {Q}

[K] is the conductivity matrix.
{T} is the nodal temperature vector, and
{Q} is the nodal heat flow rate vector.

The "conductivity" matrix [K] includes not only terms involving conduction, but also those
involving convection and radiation. {Q} includes convection, radiation as well as internal
heat generation rate terms.

Transient thermal analysis is used to determine the transient temperature distribution in a
structure or component that is subjected to thermal loading. "Transient" means that
the thermal loads, and hence the temperature distribution, are functions of time. The
transient thermal analysis solves the following equation:

where
[C] {'i'1 + [K]{T} = {Q}

[C] is the specific heat matrix,
[K] is the conductivity matrix,
{T} is the nodal temperature vector

{'I'} is the time-derivative of {T}, and

{Q} is the nodal heat flow rate vector.

The "conductivity" matrix [K] includes not only terms involving conduction, but also those
involving convection and radiation. {Q} includes convection, radiation as well as internal
heat generation rate terms.
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Steady.State Thermal Analysis (KAN=.I) Procedure Summaries

Preprocessing:

The preprocessing phase is where all relevant data, such as materi.al properties: geometry,
and boundary conditions, are entenui into the database in preparauon for soluuon.

I. Set Up: To define the analysis type, analysis options, element types, element
geometric properties, and material properties.

Analysis type (KAN,- 1).
Element types (ET).
Geometric Properties (It, RMODIF, etc.).
Material properues (MP).

2. Model: To build the finite element model (nodes and elements) either by solid

modeling or by direct generation.

.

Solid Modeling (K, L, A, V, etc.), or
Direct Generation (N, NGEN, E, EGEN, etc.).

Reordering (WSORT, WAVES).

Load Data: To specify boundary condition (consn'aints

and loads) and load options.

Boundary Conditions
on the solid model (KNT, KHFIOW, LCVSF, etc.), or
on nodes and elements (NT, HFLOW, CVSF, etc.).

Load options (ITER, etc.).
Load Step (LWRITE, etc.).

4. Wrap Up: To write all appropriate information in a form
suitable for the solution phase of the analysis.

Write analysis f'fle (AFWRITE).

Solution:

The solution phase is the most computationally intensive phase of the analysis. In the
solution phase, the solver is used to solve the basic equation of the analysis type and to
compute the results.

1. Divert output to a file if desired (/OUTPUT).

2. Submit analysis file (File27) for solution (/INPUT,27).

Postprocessing:

The postprocessingphase iswhere you review theresultsofthe analysisby obtaining

graphics displays and tabular reports of temperatures, heat fluxes, thermal gradient, etc.

POST1, the general postprocessor, allows you to review the results of any load step and
iteration for the entire model.
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II.

POST26, the time-history postprocessor, aUows you to review the variation of a result

item, such as temperature at a specific point in the model, with respect to time or with
respect to another result item. POST26 is typically used in a transient analysis.

1. Read results data fi'om the postdata file (Filel2) into the POST1 database (SET).

2. Perform desired operations-contour displays, results, results tabulation, etc.

Transient Thermal Analysis (KAN=-I) Procedure Summaries

The procedure for transient thermal analysis is essentially the same as that for a steady-state
thermal analysis. The only difference is that one or all of the boundary conditions are
functions of time. Therefore, multiple load steps are usually required.

Problem Statement

Cracks were found in the Seal Pilot Rib fillet radius of the first stage turbine disc in the
High Pressure Oxygen Turbopump on the Space Shuttle Main Engine. The disc

experiences high thermal gradients at the surface during shutdown of the engine when the
disc coolant temperature drops from approximately IO00°R to cryogenic temperatures. The
combination of thermal gradients and stress concentration at the fillet radius is enough to

cause cracks to develop after a short number of cycles. The purpose of this study is to
characterize disc temperatures during the shutdown transient. One dimensional ANSYS
and SINDA models were created to evaluate results from the large, 3-D, 20,000 element
model of the turbine disc.

HPOTP FIRST STAGE TURBINE DISC

DISC CROSS SECrION [

CRACK I SEAL PILOT RIB /CRACK
DEiq'll

I c wc .,,oo. I \
MATERIAL:_/ __ _'/ /_ A /
GOLD _¢_('_(" /-_N'_ t/ "_

PL,,T_ / _ /9(,,\'V"
w,,s,,,LoT  .RCUS C

_'"'"_'_ ""-'_ "_ 0.030 R ,_ x BLADE

_RTREE

Figure 3.
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HI. Presentation" and Discussion of Results

The finite difference solution (SINDA) and finite element solution (ANSYS) compared
well, as shown in figure 4. The SINDA and ANSYS results are compared during the shut

down with a drop in gas temperature from 915.5°R to 218.1°R
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Figure 4. SINDA and ANSYS Comparison

IV. ANSYS Model

ANSYS MODEL INPUT LISTING

This section is included to explain how information _ven in the statem.ent of thep. roblcm is
conveyed to ANSYS and to present a corresponding mput deck. The input oec_ mclu_s
three major phases or routines, one for each processor. These include, 1) preprocessing,
2) solution, 3) postproeessing. The preprocessing phase is where _ relevant data, such as

material properties, geometry, and boundary conditions, are enterea into me oataoase m
preparation for solution. The solution phase is the most computationally intensive phase of
the analysis. In the solution phase, the solver is used to solve the basic equation of the
analysis type and to compute the results. The postprocessing phase is where you review the
result of the analysis by obtaining graphics displays and tabular report of temperatures,
heat fluxes, thermal gradient, etc.

C *** HPOTP TURBINE DISC SINID SDI09%, 5/23/91

/CORE, 6000000

C*** BEGIN PREPOCESSING ROUTINE

/PREP7

/TITLE, HPOTP TURBINE DISC SINID SDI09%, 5/23/91

CWtW

CWWW

KAN , -I

1-7-8



KRF , 0

KSE , 0

TREF ,916.

TUNIF ,916.

C **_ DEFINE MATERIAL PROPERTIES FOR STIFF6

MPTEMP, I,60.,2460.

MPDATA, C,2,1,0.,0.

MPDATA, EX,2,1,.01,.01

R,I,0.,0.,0.,0.,0.,0.

RSIZE, 12

RMORE, 0,0.

C*** DEFINE MATERIAL PROPERTIES FOR STIFF70

MPDATA,KXX, I,I,8.796E-5,3.565E-4

MPDATA,KYY, I,I,8.796E-5,3.565E-4

MPDATA, KZZ, I,I,8.796E-5,3.565E-4

MPDATA, C,I,I,.03864,.23409

MPDATA, DENS, I,I,.296,.296

C***

C*'* NODAL COORDINATE DEFINITION

/NOLIS

/NOPR
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41
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44 ,

45 ,

46,

0.0000000E+00

0..3999999E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.0000000E+O0

0.4000000E-02

0.4000000E-02

0.0000000E+00

• 0.0000000E+O0

0.4000000E-02

• 0.4000000E-02

• 0.0000000E+O0

• 0.0000000E+00

• 0.4000000E-02

, 0.4000000E-02

0 0000000E+00

0 0000000E+00

0 4000000E-02

0 4000000E-02

0 0000000E+00

0 0000000E+O0

0 4000000E-02 ,

0 4000000E-02 ,

0 0000000E+00 ,

0 0000000E+00 ,

0 4000000E-02 ,

0 4000000E-02 ,

0 0000000E+00 ,

0.O000000E+00 ,

0.4000000E-02 ',

0.4000000E-02

O.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02
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0.4000000E-02 ,
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, 0.3999999E-02
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0.4000000E-02

O.O000000E+O0

0.4000000E-02
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0 4000000E-02
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0.3915000
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0.3895000
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47 , 0_4000000E-02 , 0.0000000E+00 , 0.3895000

48 , 0.4000000E-02 , 0.4000000E-02 , 0.3895000

49 , 0.0000000E+00 , 0.0000000E+00 , 0

5_ , 0.0000000E+00 , 0.4000000E-02 , 0

51 , 0.4000000E-02 , 0.0000000E+00 , 0

52 , 0.4000000E-02 , 0.4000000E-02 , 0

53 , 0.0000000E+00 , 0.0000000E+00 ,

54 , 0.0000000E+00 , 0.4000000E-02 ,

55 , 0.4000000E-02 , 0.0000000E+00 ,

56 , 0.4000000E-02 , 0.4000000E-02 ,

57 , 0.0000000E+00 , 0.0000000E+00 ,

58 , 0.0000000E+00 , 0.4000000E-02 ,

59 , 0.4000000E-02 , 0.0000000E+00 ,

60 , 0.4000000E-02 , 0.4000000E-02 ,

3885000

3885000

3885000

3885000

03875000

0.3875000

0.3875000

0.3875000

0.3865000

0.3865000

0.3865000

0.3865000

0.3855000

0.3855000

0.3855000

68 , 0.4000000E-02 , 0.4000000E-02

0.00000COE+00 , O.0000000E+00

0oO000000E+00 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.0000000E+O0 ,

0.0000000E+00 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.0000000E+O0 ,

0.0000000E+00 ,

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02 ,

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.4000000E-02 , 0.0000000E+00

0.4000000E-02 , 0.4000000E-02

0.0000000E+00 , 0.0000000E+00

69 ,

70 ,

71 ,

72 ,

73 ,

74 ,

75 ,

76 ,

77 ,

78 ,

79 ,

80 ,

81 ,

82 , 0.0000000E+00

83 , 0.4000000E-02

84 , 0.4000000E-02

85 , 0.0000000E÷00

86 , 0.0000000E+00

87 , 0.4000000E-02

88 , 0.4000000E-02

89 , 0.0000000E+00

90 , 0.0000000E+00

91 , 0.4000000E-02

92 , 0.4000000E-02

93 , 0.0000000E+00 ,

94 , 0.0000000E+00

95 , 0.4000000E-02

96 , 0.4000000E-02

97 , 0.0000000E+00

98 , 0.0000000E+00

99 , 0.4000000E-02

i00 , 0.4000000E-02

i01
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109

II0

IIi

112

113

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+O0

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02
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0 4000000E-02
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0 0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00
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O.0000000E+O0

0.4000000E-02
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0.3815000

0.3805000

0.3805000

0.3805000

0.3805000

0.3795000

0.3795000

0.3795000

0.3795000

0.3785000

0.3785000

0.3785000

0.3785000

0.3775000

0.3775000

0.3775000

0.3775000

0.3765000

0.3765000

0.3765000

0.3765000

0.3755000

0.3755000

0.3755000

0.3755000

0.3745000

0.3745000

0.3745000

0.3745000

0.3735000

0.3735000

0.3735000

0.3735000

0.3725000

61 , 0.0000000E+O0 , 0.0000000E+00 ,

62 , 0.0000000E+00 , 0.4000000E-02 ,

63 , 0.4000000E-02 , 0.0000000E+00 ,

64 , 0.4000000E-02 , 0.4000000E-02 , 0.3855000

65 , 0.0000000E+00 , 0.0000000E+00 , 0.3845000

66 , 0.0000000E+00 , 0.4000000E-02 , 0.3845000

67 , 0.4000000E-02 , 0.0000000E+00 , 0.3845000
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177
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179

180

• O.0000000E+00

• 0.4000000E-02

• 0.400000OE-02

, 0.0000000E+O0

, 0.0000000E+00

• 0.4000000E-02

, 0.4000000E-02

, 0.O000000E+00

• 0.0000000E+O0

, 0.4000000E-02

• 0.4000000E-02

• 0.0000000E+00

• 0.0000000E+O0

• 0.4000000E-02

• 0.4000000E-02

• 0.0000000E+00

• 0.0000000E+00

0.4000000E-02

0.4000000E-02

O.0000000E+00

0.0000000E+00

0.4000000E-02

0 4000000E-02

0 0000000E+O0

0 0000000E+00

0 4000000E-02

0 4000000E-02

0 0000000E+00

0 0000000E+00

• 0 4000000E-02

• 0 4000000E-02

0.0000000E+O0

0.0000000E+00

0.4000000E-02

p.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+O0

0.0000000E+O0

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

• 0.4000000E-02

• 0.0000000E+00

• 0.0000000E+O0

• 0.4000000E-02

• 0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+O0

0.4000000E-02

0.4000000E-02

, 0.4000000E-02

, 0.O000000E+O0

, 0.4000000E-02

, O.0000000E+O0

• 0.4000000E-02

• 0.0000000E+O0

, 0.4000000E-02

• 0.O000000E+00

• 0.4000000E-02

• O.0000000E+00

• 0.4000000E-02

0.0000000E+O0

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+O0

0.4000000E-02

0 0000000E+00

0 4000000E-02

0 0000000E+O0

0 4000000E-02

• 0 O000000E+O0

0 4000000E-02

0 0000000E+00

0 4000000E-02

0 0000000E+O0
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0 0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

• 0.4000000E-02

• O.O000000E+O0

• 0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

O.O000000E+O0

• 0.4000000E-02

0.0000000E+O0

0.4000000E-02

O.O000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

1-7-11

, 0.3725000

, 0.3725000

, 0.3725000

, 0.3715000

• 0.3715000

• 0.3715000

, 0.3715000

, 0.3705000

, 0.3705000

• 0.3705000

• 0.3705000

• 0.3695000

0.3695000

0.3695000

0.3695000

0 3685000

0 3685000

0 3685000

0 3685000

0 3674999

0 3674999

0 3674999

0 3674999

• 0 3665000

• 0 3665000

, 0 3665000

• 0 3665000

• 0.3655000

0.3655000

0.3655000

0.3655000

0.3645000

0.3645000

0.3645000

0.3645000

0.3635000

0.3635000

0.3635000

• 0.3635000

• 0.3625000

• 0.3625000

0.3625000

0.3625000

0.3615000

0.3615000

0.3615000

0.3615000

0.3604999

0.3604999

0.3604999

0.3604999

0.3595000

0.3595000

• 0.3595000

0.3595000

0 3584999

0 3584999

0 3584999

0 3584999

0 3575000

0 3575000

0 3575000

0 3575000

0 3565000

0 3565000

0 3565000

0 3565000
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181 , @.0000000E+00 , 0.0000000E+00 , 0.3555000

182 , 0.0000000E+00 , 0.4000000E-02 , 0.3555000

183 , 0.4000000E-02 , 0.0000000E+00 , 0.3555000

184 , 0.4000000E-02 , 0.4000000E-02 , 0.3555000

1"85 , 0.0000000E+00 , 0.0000000E+00 , 0.3545000

186 , 0.0000000E+00 , 0.4000000E-02 , 0.3545000

187 , 0.4000000E-02 , 0.0000000E+00 , 0.3545000

188 , 0.4000000E-02 , 0.4000000E-02 , 0.3545000

189 , 0.0000000E+00 , 0.0000000E+00 , 0.3535000

190 , 0.0000000E+00 , 0.4000000E-02 , 0.3535000

191 , 0.4000000E-02 , 0.0000000E+00 , 0.3535000

192 , 0.4000000E-02 ,

193 , 0.0000000E+O0 ,

0.4000000E-02 , 0.3535000

0.0000000E+00 , 0.3525000

196 ,

197 ,

198 ,

199

200

201

202

203

204

205 ,

206 ,

207 ,

208 ,

209 ,

210 ,

211 ,

212 ,

194 , 0.0000000E+00 , 0.4000000E-02 , 0.3525000

195 , 0.4000000E-02 , 0.0000000E+00 , 0.3525000

0.4000000E-02 , 0.4000000E-02 , 0.3525000

0.0000000E+00 , 0.0000000E+00 , 0.3515000

0.0000000E+O0 , 0.4000000E-02 , 0.3515000

0.4000000E-02 , 0.0000000E+00 , 0.3515000

0.4000000E-02 ,

0.0000000E+O0 ,

0.0000000E+00 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.O000000E+O0 ,

0.O000000E+O0 ,

0.4000000E-O2 ,

0.4000000E-02 ,

0.0000000E+00 ,

0.0000000E+O0 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02 ,

0.0000000E+00 ,

0.4000000E-02

0.0000000E+00

0 4000000E-02

0 0000000E+00

0 4000000E-02

0.3515000

213 , . 0.0000000E+00 , 0

214 , 0.0000000E+00

215 0.4000000E-02

216 0.4000000E-02

217 0.0000000E+00

218 0.0000000E+00

219 0.4000000E-02
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0000000E+00

0 4000000E-02

0 0000000E+00

0.4000000E-02

0.0000000E+00
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0.0000000E+00

0.4000000E-02
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222 ,
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231 ,

232 ,

0.0000000E+00 , 0.0000000E+00 ,

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00 ,

O.0000000E+O0

0.4000000E-02

0.4000000E-02

0.4000000E-02 ,

0.0000000E+00
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O.0000000E+00 ,
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0_0000000E+00
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0.4000000E-02

0 4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02 ,

0.0000000E+00 ,

I-7-12

0.3505000

0.3505000

0.3505000

0.3505000

0.3490000

0.3490000

0.3490000

0.3490000

0.3470000

0.3470000

0.3470000

0.3470000

0.3450000

0.3450000

0.3450000

0.3450000
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0.3430000
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0.3410000
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0.3390000
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0.3310000

0.3310000

0.3310000

0.3310000

0.3275000

0.3275000

0.3275000



N t

N ,

N ,

N ,

N

N

N

N

N

N

N

N

N

N

N

N ,

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

248

249

250

25-t

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

27;I

278

279

28O

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

3O2

3O3

304

305

306

307

308

309

310

311

312

313

314

• 0.4000000E-02

, O.0000000E+00

• O.0000000E+00

• 0.4000000E-02

, 0.4000000E-02

O.0000000E+00

0.0000000E+O0

0.4000000E-02

0.4000000E-02

0.0000000E+O0

0.0000000E+00

• 0.4000000E-02

, 0.4000000E-02

• 0.0000000E+00

, 0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0 4000000E-02

0 0000000E+O0

0 0000000E+O0

0 4000000E-02

0 4000000E-02

0 0000000E+00

0 0000000E+00

0 4000000E-02

0 4000000E-02

0 0000000E+O0

• 0 O000000E+O0

• 0 4000000E-02

• 0 4000000E-02

0.0000000E+O0

O.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

O.O000000E+O0

0.4000000E-02

0.4000000E-02

0.0000000g+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

• 0.0000000E+O0

• 0.4000000E-02

0.4000000E-02

O.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

O.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+00

, 0.4000000E-02

• 0.0000000E+00

, 0.4000000E-02

• 0.O000000E+00

, 0.4000000E-02

• 0.0000000E+00

• 0.4000000E-02

, 0.0000000E+00

, 0.4000000E-02

, 0.O000000E+O0

, 0.4000000E-02

, 0.0000000E+00

0 4000000E-02

0 0000000E+O0

0 4000000E-02

0 0000000g+00

0 4000000E-02

0 0000000E+00

0 4000000E-02

• 0 0000000E+00

• 0 4000000E-02

• 0 0000000E+00

• 0 4000000E-02

0 0000000E+00

0 4000000E-02

0.0000000E+00

0.4000000E-02

0.O000000E+00

0.4000000E-02

0.0000000E+O0

0.4000000E-02

O.O000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

• 0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

O.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

O.O000000E+O0

0 4000000E-02

0 O000000E+O0

0 4000000E-02

0 O000000E÷O0

0 4000000E-02

0 O000000E+O0

0 4000000E-02
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• 0.3275000

, 0.3225000

• 0.3225000

• 0.3225000

• 0.3225000

• 0.3175000

, 0.3175000

0.3175000

0.3175000

0 3125000

0 3125000

0 3125000

0 3125000

0 3075000

0 3075000

0 3075000

0 3075000

0 3024999

• 0 3024999

, 0 3024999

• 0 3024999

• 0.2975000

0.2975000

0.2975000

0.2975000

0.2925000

0.2925000

0.2925000

0.2925000

0.2875000

0.2875000

0.2875000

0.2875000

• 0.2825000

• 0.2825000

0.2825000

0.2825000

0.2750001

0.2750001

0.2750001

0.2750001

0.2650000

0.2650000

0.2650000

0.2650000

0.2550000

0.2550000

0.2550000

0.2550000

• 0.2450000

0.2450000

0 2450000

0 2450000

0 2350000

0 2350000

0 2350000

0 2350000

0 2250000

0 2250000

0 2250000

0 2250000

0 2150000

0 2150000

0 2150000

0 2150000

0 2050000

0 2050000



N #

N ,

N ,

N ,

N ,

N ,

N

N

N

N

N

N

N

N ,

N

N

N

N

N

N

N ,

N ,

N ,

N ,

N ,

N ,

N ,

N ,

N

N

N

N

N

N

N ,

N ,

N ,

N ,

N ,

315 ,

316 ,

317 ,

318 ,

319

320

321

322

323

324

325 ,

326

327

328

329

330

331

0_4000000E-02 ,

0.4000000E-02 ,

0.0000000E÷00 ,

0.0000000E+00 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.0000000E+00 ,

0.0000000E+00 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.0000000E+00 ,

0.0000000E+00 , 0.4000000E-02 ,

0.4000000E-02 , 0.0000000E+00

0.4000000E-02 , 0.4000000E-02

0.0000000E+O0 , 0.0000000E+00

0.0000000E+00 , 0.4000000E-02

0.4000000E-02 , 0.0000000E+00

0.0000000E+00 , 0.2050000

0.4000000E-02 ,

0.O000000E+O0 ,

0.4000000E-02 ,

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+O0 ,

0.2050000

0.1900000

0.1900000

0.1900000

0.1900000

0.1700000

0.1700000

0.1700000

0.1700000

0.1500000

0.1500000

0.1500000

¢.1500000

9.1300000

_.1300000

0.1300000

332 , 0.4000000E-02 , 0.4000000E-02 0.1300000

333 , 0.0000000E+00 , 0.0000000E+00 , 0.1100000

0.0000000E+00 , 0.4000000E-02334

335

336

337

338

339

340

341

342

343

34_
315

346 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.0000000E+O0 ,

O.0000000E+00 ,

0.4000000E-02 ,

0.4000000E-02 ,

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02

0.0000000E+00

0.0000000E+O0

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.0000000E+O0

0.4000000E-02

347 , 0.4000000E-02 , 0.0000000E+00

0.4000000E-02 , 0.4000000E-02

0 0000000E+00 , 0.0000000E+00

4000000E-02 ,

0000000E+O0 ,

0000000E+00

4000000E-02

4000000E-02

0000000E+O0 , 0.4000000E-02

4000000E-02 , 0.0000000E+00

0.4000000E-02

0.0000000E+00 , 0.9999961E-02

348

349

350

351

352

353

354

355

356

357

358 ,

359 ,

360 ,

0

0

0

0

0

0

0

0.0000000E+00

0.0000000E+00

0.4000000E-02

0.4000000E-02 ,

N •

N

N

N

N

N

N

C*** ELEMENT LIBRARY DEFINITION

ET , I, 6, 8, 0,

ET , 2, 70, 0, 0,

C*** ELEMENT CONNECTIVITY DEFINITION

TYPE ,

EN ,

TYPE ,

EN ,

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN ,

EN ,

EN ,

i SMAT , 2 SREAL ,

I, I, 2, 4,

2 SMAT , 1 SREAL ,

2, i, 3, 4,

3, 5, 6, 8,

4, 9, i0, 12,

5, 13, 14, 16,

6, 17, 18, 20,

7, 21, 22, 24,

8, 25, 26, 28,

9, 29, 30, 32,

I0, 33, 34, 36,

ii, 37, 38, 40,

12, 41, 42, 44,

13, 45, 46, 48,

14, 49, 50, 52,

15, 53, 54, 56,

0.4000000E-02

0.0000000E+00

0.4000000E-02

0.O000000E+00

0.4000000E-02

0.0000000E+00

0.4000000E-02

0 ii00000

0 II00000

0 II00000

0 8999998E-01

0 8999998E-01

0 8999998E-01

0 8999998E-01

0.6999999E-01

0.6999999E-01

0.6999999E-01

0.6999999E-01

0.4999997E-01

0.4999997E-01

0.4999997E-01

0.4999997E-01

0.2999997E-01

0.2999997E-01

0.2999997E-01

0.2999997E-01

0.9999961E-02

0.9999961E-02

0.9999961E-02

0.0000000E+00

0.0000000E+00

0.0000000E+O0

0.0000000E+00

0, 0, 0, 0

0, 0, 0, 0

1

3

1

2, 5, 6, 8, 7

7, 9, I0, 12, ii

ii, 13, 14, 16, 15

15, 17, 18, 20, 19

19, 21, 22, 24, 23

23, 25, 26, 28, 27

27, 29, 30, 32, 31

31, 33, 34, 36, 35

35, 37, 38, 40, 39

39, 41, 42, 44, 43

43, 45, 46, 48, 47

47, 49, 50, 52, 51

51, 53, 54, 56, 55

55, 57, 58, 60, 59
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EN •

EN ,

EN ,

EN ,

EN ,

EN ,

EN ,

EN •

EN

EN

EN

EN

EN

EN

EN

EN

EN •

EN ,

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN •

EN •

EN •

EN ,

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN ,

EN ,

EN ,

EN •

EN ,

EN ,

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

EN

16, 57, 58, 60, 59, 61, 62, 64, 63

17, 61, 62, 64, 63, 65, 66, 68, 67

18• 65, 66, 68, 67, 69, 70, 72, 71

19, 69, 70, 72, 71, 73, 74, 76, 75

20, 73, 74, 76, 75, 77, 78, 80, 79

21, 77, 78, 80, 79, 81, 82, 84, 83

22, 81, 82, 84, 83, 85, 86, 88, 87

23, 85, 86, 88, 87, 89, 90, 92, 91

24, 89, 90, 92, 91, 93, 94, 96, 95

25, 93, 94, 96, 95, 97, 98, i00, 99

26, 97, 98, 100, 99, i01, 102, 104, 103

27, 101, 102, 104, 103, 105, 106, 108• 107

28, 105, 106, 108, 107, 109, 110, 112, 111

29, 109, 110, 112, 111, 113, 114, 116, 115

30, 113, 114, 116, 115, 117, 118, 120, 119

31, 117, 118, 120, 119, 121, 122, 124, 123

32, 121, 122• 124, 123, 125, 126, 128, 127

33, 125, 126, 128, 127, 129, 130, 132, 131

34, 129, 130, 132, 131, 133, 134, 136, 135

35, 133, 134, 136, 135, 137, 138, 140, 139

36, 137, 138, 140, 139, 141, 142, 144, 143

37, 141, 142, 144, 143, 145, 146, 148, 147

38, 145, 146, 148, 147, 149, 150, 152, 151

39, 149, 150, 152, 151, 153, 154, 156, 155

40, 153, 154, 156, 155, 157, 158, 160, 159

41, 157, 158, 160, 159, 161, 162, 164, 163

42, 161, 162, 164, 163, 165, 166, 168, 167

43, 165, 166, 168, 167, 169, 170, 172, 171

44, 169, 170, 172, 171, 173, 174, 176, 175

45, 173, 174, 176, 175, 177, 178, 180, 179

46, 177, 178, 180, 179, 181, 182, 184, 183

47, 181, 182, 184, 183, 185, 186, 188, 187

48, 185, 186, 188, 187, 189, 190, 192, 191

49, 189, 190, 192, 191, 193, 194, 196, 195

50, 193, 194, 196, 195, 197, 198, 200, 199

51, 197, 198, 200, 199, 201, 202, 204, 203

52, 201, 202, 204, 203, 205, 206, 208, 207

53, 205, 206, 208, 207, 209, 210, 212, 211

54, 209, 210, 212, 211, 213, 214, 216, 215

55, 213, 214, 216, 215, 217, 218, 220, 219

56, 217, 218, 220, 219, 221, 222, 224, 223

57, 221, 222, 224, 223, 225, 226, 228, 227

58, 225, 226, 228, 227, 229, 230, 232, 231

59, 229, 230, 232, 231, 233, 234, 236, 235

60, 233, 234, 236, 235, 237, 238, 240, 239

61, 237, 238, 240, 239, 241, 242, 244, 243

62, 241, 242, 244, 243, 245, 246, 248, 247

63, 245, 246, 248, 247, 249, 250, 252, 251

64, 249, 250, 252, 251, 253, 254, 256, 255

65, 253, 254, 256, 255, 257, 258, 260, 259

66, 257, 258, 260, 259, 261, 262, 264, 263

67, 261, 262, 264, 263, 265, 266, 268, 267

68, 265, 266, 268, 267, 269, 270, 272, 271

69, 269, 270, 272, 271, 273, 274, 276, 275

70, 273, 274, 276, 275, 277, 278, 280, 279

71, 277, 278, 280, 279, 281, 282, 284, 283

72, 281, 282, 284, 283, 285, 286, 288, 287

73, 285, 286, 288, 287, 289, 290, 292, 291

74, 289, 290, 292, 291, 293, 294, 296, 295

75, 293, 294, 296, 295, 297, 298, 300, 299

76, 297, 298, 300, 299, 301, 302, 304, 303

77, 301, 302, 304, 303, 305, 306, 308, 307

78, 305, 306, 308, 307, 309, 310, 312, 311

79, 309, 310, 312, 311, 313, 314, 316, 315

80, 313, 314, 316, 315, 317, 318, 320, 319

81, 317, 318, 320, 319, 321, 322, 324, 323

82, 321, 322, 324, 323, 325, 326, 328, 327
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EN ,

EN ,

EN ,

EN ,

EN ,

EN ,

EN ,

EN ,

/GOLIS

/GOPR

nall

eall

WSORT, Z

SAVE

83, 325, 326, 328, 327, 329, 330, 332, 331

84, 329, 330, 332, 331, 333, 334, 336, 335

85, 333, 334, 336, 335, 337, 338, 340, 339

86, 337, 338, 340, 339, 341, 342, 344, 343

87, 341, 342, 344, 343, 345, 346, 348, 347

88, 345, 346, 348, 347, 349, 350, 352, 351

89, 349, 350, 352, 351, 353, 354, 356, 355

90, 353, 354, 356, 355, 357, 358, 360, 359

C*** END OF THE ELEMENT AND NODE GENERATION

C***

C*** BEGIN LOAD STEP 1 DEFINITION SS TIME- 0.

ITER, I,0,1

TIME, 0.

KBC, 0

C*** *** **** ***ZONE 2

ESEL, STIF, 6

EC, ALL, 5,0.328E-01

EC,ALL, 6,,915.5

EALL

NALL

LWRITE

C***

C*** BEGIN LOAD STEP 2 DEFINITION SS TIME- 0.I

ITER, 10,0,10

TIME, 0.1

KBC, 0

C*** *** **** ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5,0.328E-01

EC,ALL, 6,,876.7

EALL

NALL

LWRITE

C***

C*** BEGIN LOAD STEP 3 DEFINITION SS TIME= 0.5

ITER, 10,0,10

TIME, 0.5

KBC, 0

C*** *** **** ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5, 0.242E-01

EC, ALL, 6,, 467.7

EALL

NALL

LWRITE

C***

C*** BEGIN LOAD STEP 4 DEFINITION SS TIME= 0.7

ITER, 10,0,10

TIME, 0.7

KBC, 0

C*** *** **** ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5,0.184E-01

EC,ALL, 6,,380.3

EALL

NALL

LWRITE

C't*

C*** BEGIN LOAD STEP 5 DEFINITION 55 T[_£ = 0.8

ITEB, 10,0,10

TIME, 0.8
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KBC, 0

C*'* "*" **'* ***ZONE 2

ESEL, STIF, 6

EC, ALL, 5, 0. 162E-01

EC, ALL, 6,, 377.9

EALL

NALL

LWRITE

C***

C**" BEGIN LOAD STEP 6 DEFINITION SS TIME- 1.0

ITER, I0, 0, i0

TIME, 1.0

KBC, 0

C*** *** **"* *'*ZONE 2

ESEL, STIF, 6

EC, ALL, 5, 0 .142E-01

EC, ALL, 6,,370.6

EALL

NALL

LWRITE

C*'*

C*** BEGIN LOAD STEP 7 DEFINITION SS TIME- 1.2

ITER, i0, 0, I0

TIME, 1.2

KBC, 0

C*** *** **_* ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5,0. 127E-01

EC, ALL, 6,, 384.7

EALL

NALL

LWRITE

C***

C''* BEGIN LOAD STEP 8 DEFINITION SS TIME- 1.3

ITER, i0, 0, i0

?I_,I.3
KBC, 0

C**" "** "**" ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5, 0. 125E-01

EC, ALL, 6,, 386.3

EALL

NALL

LWR ITE

C***

C*** BEGIN LOAD STEP 9 DEFINITION SS TIME- 1.5

ITER, I0, 0, I0

TIME, 1.5

KBC, 0

C*** *** **** ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5, 0. 123E-01

EC, ALL, 6,, 373.8

EALL

NALL

LWRITE

C'**

C*** BEGIN LOAD STEP I0 DEFINITION SS TIME- 1.6

ITER, 10,0,10

TIME, 1.6

KBC, 0

C*** *** *'** ***ZONE 2

ESEL, STIF, 6

EC, ALL, 5,0. 145E-01

EC,ALL, 6,,187.1

EALL

NALL
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LWRI TE

C***

C*'* BEGIN LOAD STEP II DEFINITION SS TIME- 1.8

ITER, i0, 0, i0

TIME, 1.8

KBC, 0

C"** *** "*** ***ZONE 2

ESEL, STIF, 6

EC,ALL, 5, 0. 146E-01

EC,ALL, 6,, 161.6

EALL

NALL

LWRITE

C**"

C*** BEGIN LOAD STEP 12 DEFINITION SS TIME- 1.9

ITER, I0, 0, i0

TIME, 1.9

KBC, 0

C*** *** **** "**ZONE 2

ESEL, STIF, 6

EC, ALL, 5, 0. 120E-01

EC,ALL, 6,, 191.4

EALL

NALL

LWRITE

C***

C*** BEGIN LOAD STEP 13 DEFINITION SS TIME- 2.1

ITER, i0, 0, I0

TIME, 2.1

KBC, 0

C*** *** **** ***ZONE 2

ESEL, STIF, 6

EC, ALL, 5,0.143E-01

EC, ALL, 6,, 180.5

EALL

NALL

LWRITE

C***

C*** BEGIN LOAD STEP 14 DEFINITION SS TIME= 2.3

ITER, i0, 0, i0

TIME, 2.3

KBC, 0

C**" "** **** *"*ZONE 2

ESEL, STIF, 6

EC,ALL, 5,0. 146E-01

EC, ALL, 6,, 174.6

EALL

NALL

LWRITE

C***

AFWRITE

FINISH

C*** BEGIN SOLUTION ROUTINE

/INPUT, 27

FINISH

C*** BEGIN POSTPROCESSING ROUTINE

/POST1

SET, 1 SPRTEMP

SET, 2 $PRTEMP

SET, 3 SPRTEMP

SET, 4 SPRTEMP

SET, 5 $PRTEMP

SET, 6 $PRTEMP

SET, 7 $PRTEMP

SET, 8 $PRTEMP

SET, 9 SPRTEMP

SET, i0 SPRTEMP
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SET, If IPRTEMP

SET, 12 IPRTEMP

SET, 13 $PRTEMP

SET, 14 . $PRTEMP

FINISH

/EOF

ANSYS OUTPUT LISTING

The output data consists of the temperature results for the first ten nodes. The first 4 nodes

represent the surface of the disc. This output data list is printed at every interval of ten
nodes specified in the input file for the postpr_essor POST1 using the node selection
command (NS_'_I _)and the print command (PRTEMP) that list nodal temperatures at
selected nodes.

THIS IS THE ANSYS (R) ENGINEERING ANALYSIS SYSTEM

COPYRIGIIT(C) 1971, 1970, 1902, $983, 2985, 1987, 1989, 1990
SWANSON ._qALYSI$ SYSTEMS. INC. AN AN UWPVBLIS_D_D WORK.

PROPRIETARy DATA - UNAUTHORIZED USE, DISTRIBUTION, OR DUPLICATION
IS PROHIBITED. ALL RIGRT$ RZSERV]_.

IF RUNNING INTERACTIVELY, ENTER /INTER

1

***e****** ANSYS INPUT DATA LISTING (FILEI8) ete***t***

1 /POST1

2 nail

3 SET. 1

4 NSEL, NODE, i, I0

S IPgTl_qP

6 SET. 2

7 NSEL, NODE, i, 10

8 IPNTIS, IP
9 SET, 3

10 NIEL, NODEo i, i0

11 IPRTI_VJ

12 SET, 4

13 NSEL, NODE, 1,10
14 IPRTE.qP

15 SET. $

16 NSEL, MODE, 1,10
17 $PRTEMP

18 SET, 6

19 NSEL, NODE, io 10

20 SPRT_I_

21 SET, 7

22 NSELo NODE o1 . 10

23 IPNTEMP

24 SET, 8

25 NSEL, NODE. Io i0
26 IPRTEMP

27 SET, 9

28 NSEL, NODE. 1, 10

29 IPR TLvE

30 SET, 10

31 NSEL, NODE, 1,10

32 IPRTER_ D

33 SET, fl
34 NSEL, NODE, 1 , 10

35 $PRTEPdP

3_ SET, 12

37 NSEL, NODE, 1, i0

3e SPNTT_qP

39 SET. 13

40 NSEL. NODE. 1 ,10

.41 IPETEMP

42 SET, 14

43 MSEL, NODE, 1,10

44 IPRTEMA D

45 SET. 15

46 NSltLo NOO_° 1,10

47 SPR'lqS,_

48 FINI

49 /EUt F

1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISI(N_ 4.4 A I0

ANSy't(R) C(]PTRIGHT(C) 1971. 1978, 1982, 1983, 1985, _.9|7, 1989, 1990
UNPUBLISHED NURK.

PROPRIETARY DATA - UNAUTHORIZED USE. DISTRIBUTICH OR DUPLICATION IS PR(N4IBITED. ALL

FOR SUPPORT CALL RAFIQ AHMED PHONE (205) 544-2217 TWX

9.7151

**'** ANSTS RESULTS INTERPRETATION (POST1) ***'"

0 NODES (OF 0 DEFINED) SELECTED BY HALL COMMAND.

USE LOAD STEP 1 ITERATION 0 SECTION 1 FOR LOAD CASE 1

(MARSHALL SPACE) MAY i, 1990

SNANS(NL ANALYSIS SYSTEMS, INC. AS

RIGHTS RESERVED.

JUL 12,1991 CP- 12.520

GEC_IETRT STONED FOR 360 NODES 90 E_NTS

TITLE- HPOTP TURBINE DISC SIN1D SDI09q, 5/23/91

DISPLACE_t3_ STORED ,FOR 360 NCOES

ITERATION SUMMARy INFORMATION STORED

NODAL FCaRCES STORED FGR 90 ELEMENTS

1-7-19



"**_ING """ CP- 14.990 ? 14,m- 9.7163S

ACCU_TID SOLUTION PN_K WARNING MB3_ - I.

S_J& FII4LI_ (_ FIt.e0_

FOR LOAD STEP- 1 ITERATION- 1 SSCTIOM- 1

TIXE- 0.00q_000K÷00 LOAD CASE,, 1

TITLK- I_OTP TURBINE DISC SINID SD1094, $/23/91

NSEL FOR LABEL- _ FROM 1 TO 10 BY 1

10 MOOU (OF 360 DEFINED) SELECTED BY NNKL CONM_fl).

pRINT ]_OAL TIMPERATLTRES

1 ANBYS - ENGI)WJ_RING ANALYSIS STSTI_I REVISION 4.4 A 10 (MARSHALL SPACE) MAY 1,1990

ANST$(R) CCPTRIGRT(C) 1971, 197|, 1912, 1913. 1985. 1987, 19|9, 1990 SWANSON AXALYSlS

UNPUBLISHED _.

pROPRIETARY DATA - _(AUTHORIZED USE, DISTRIBUTION ON D_LICATION IS pROHIBITED. ALL RIGHTS RESERVED.

FOR SUPP(_tT CALL RAFIQ _ PHONB (205) 544-2217 TWX

TURSIH DISC SLN1D SDI099, 5/23191 9.71G4 JUL 12,1991 CP-

***** POST1 NOOAL TEI_ILqATURI LISTING *****

STEP 1 ITERATION- 1 SECTION- 1

TIJ, m- 0.00000E+00 1DAD CASE-- 1

NOON T_W
1 915.50000

2 915.50000

3 915.50000

4 915 .S0000

5 915.50000

6 915.50000

T 915.50000

8 915.50000

9 915.50000

10 91S.50000

NAXIMt_S

NO[XB
VALUE

10

915.50000

USE LOAD STEP 2 ITERATION 0 SECTION

DIS_LF_'EMEJT STORED FOR 360 M_OU

ITERATION SUMMARY INFORMATION STORED

NODAL FORCES STORED FOR 90 'eLZHIF.,NTS

** eWARNING t** C'P-

ACCUMULATED SOLUTION PHASE WARNING NBS_ -

SEE FILE19 (I FILE0S

FOR IEAD STEP- 2 ITERATION" 10 SECTION-

TIME" 0 . 100000 LOAD CASE- I

TITLE- I_OTP T'JRBISE DISC SIH1D SD1099. 5/23/91

NSEL FOR IABEL_ NODE FRON i TO 10 BY i

I FOR IDAD CASE 1

16.010 TLW_ - 9.716T2

11.

i0 NODES (_ 360 DEFINED) SELZCTZD BY NSZL COMMAND.

PRINT HCOAL T_v_ERATURES

1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4 A 10 (MARSHALL SPACE) MAY 1,1990

A_SYS(R) C2YRIGHT(C) 1971, 1978, 1982, 1983, 1955, 1987, 1989, 1990 SWANSON ANALYSIS

UNPUBLISHED NORK.
PROPRIETARY DATA - UXAUTRORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL

fOR SUPPORT CALL RAfIQ NIMED PHONE (205) 544-2217 TWX

_OT? TVBBINZ DISC SIN1D SDI099, 5/23/91

***** POST1 NOOAL TEMPERATURE LISTING "****

LG_D STEP 2 ITERATION-- 10 SECTION- 1

TIY_- 0.i0000 LOAD CASE" 1

NCOK TYJ_

1 $8S.01413

2 ||$.01413

3 005.0141.3

4 885.01413

S 88S.7_293

4; 88S.TS293

7 885.?$293

O 885. 741293

9 iiT.21580

10 887.21580

NAXIM_IS

10

VALUE 007.21580

USE IDAD STEP 3 ITERATION 0 SECTION

DISPIACE)_Irr STORED FOR 360 NODES

ITZRATION SUMMARY INFORMATION STORED

NOOAL F(3_CES STORED FOR _0 ELEMENTS

** *WARN ING *** CP-

ACCUMULATED SOLUTION pHASE NARNIHG RESRAGES -

SEE FII_I9 OR FILE06

FOR _ STEP- 3 ITERATION- 10 SECTION- 1

TIME-- 0. 500000 L.C_qD CASE- 1

TITLE- HPOTP TURBINE DISC SIN1D SD1099, 5/23/91

NSEL FOR I_ SOD_ _RON 1 TO 10 NY i

DEFINED) SELECTED BY HSEL COMMAND.

1-7-20

10 HODED (CXr 360

1 FOR bOAD CASE 1

17.000 TIME- 9.71710

21.

9.71G8

SyST?_, IHC, AS

15.200

SYSTEMS° INC. AS

16.200



PRINT MODAL T1D_ERATURE3

1 AM|ITS - ENGINEERING ANALTSIS SYSTEM REVISlGN 4.4 A 10 (MARSHALL SPACE) MAY 1,1990

ANST$(R) COrTRIGHT(C) 1971, 1978, 1982, 1983, 1985, 1987, 1989, 1990 SWANSON ANALYSIS
UNPUBLISHED m:m[.

PRG_RIZTARY DATA - _AUTHONIZED USK, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVZD.

FOR SU_RT CALL RArIQ AJtlGD PHOSE (205) 544-2217 TWX

HPOTP TURBIll DISC SIN1D SD109%, 5/23/91 9.7172 JUL 12,1991 CP-

***** POST1 MODAL TEMPERATURE LISTING "**"*

LOAD STEP 3 ITERATION- 10 SECTION- 1

TIME- 0.50000 _ CASE-- 1

NODE TEMP

1 524.07226

2 524.07226

3 524.07227

4 324.07227

$ $2O.92003

6 $20.92004

7 528.92004

4 320.92004

9 534.44803

10 538,44004

MAXIHIA6

MODll

VALUE

USE LOAD

10

538.44804

STE_ 4 ITERATION 0 SECTION

DISP[AC_J(BMT STORED FOR 360 NOOES

ITERATION SUMMARy INFORMATION STORED

MODAL FORCES STONED FOR 90 ELF.J_.NTS

*e *WARNING *** CP-

ACCUMULATED SOLUTION PHASE ffARNING NESSAGES -

SEE FILEI9 OR FILE06

FOR LOAD STEP- 4 ITERATION- 10 SECTIOW-

TI/_- 0.700000 LOAD CASE- 1

TITLE- _OTP TURBINE DISC $IN1D SD1096, 5/23/91

NSEL FOR L_BKL- NODB FROM 1 TO 10 BY 1

1 FOR LOAD CASE 1

17.990 TIME- 9.71749

31.

10 NODES ((IF 360 DEFINED) SELECTED BY NSW-L CCIq4ARD.

PRINT M(X)AL TER_ERATITRES

1 A|(BYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4 A 10 (MARSHALL SPACE) MAY 1,1990
ANSYS(R) COPXRIGHT(C) 1971, 1978, 1942, 1963, 1985, 1947, 1949, 1990 SNANSCN ANALYSIS

UNPUBLISHED NOR/(.

P_OPRIETARY DATA - UMAUTHORIZ rn USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.

FOR SUPPORT CALL RAFIO AJ{MED PHONE (205) 544-2217 TWX

F_OTP TURBINE DISC SINID SDI09%o 5/23191

***** FOSTI MODAL TEMPERATURE LISTING *****

STEP 4 ITERATION- 10 SECTION- 1

TIME- 0.70000 LOAD CASE- 1

NODE

1 439.53705

2 439.53705

3 439.53706

4 439.53706

3 443.70121

6 443.70122

7 443,70121

8 443.70122

9 451.94104

10 451.94145

MAXIMUMS

NODIL

VALUE

USE LOAD

10

451.94105

STEP 3 ITERATION 0 SECTION

DISP_ STOP, ED FOR 360 NCOES

ITERATION S_/1,BU_y INF(_MATION STORED

NODAL F(]_CE5 STONED FON 90 ELEMENTS

t **WARNING *** CP--

ACCUMULATI) SOLUTION PF_SE HARMING NESSAGZ$ -

SEE FILEI9 OR FILZ06

FOR LOAD STEP- 5 ITERATION- I0 SECTION-

TIME- 0. 800000 LOAD CASE-- 1

TITLE- HPOTP TURBINE DISC SINID SDI09q, 5/23/91

MSEL 'FOR _L_ MODE FROf4 I TO iO BY 1

1 FOR LOAD CASE 1

18.960 TIME- 9.71781

41.

9.7175 JUL 12,1991 CP-

SYSTEM.q, INC. AS

10 NODE.q IOF 360 DEFINED) SELECTZD BY HSEL CC_4MAND.

PRINT I/COAL TEMPERATURES

I ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4 A i0 (HARSHALL SPACE) MAT 1,1990

ANSTS(R) CONYRIGHT(C) 1971, 1974, 1982, 1983, 1985. _987, 1989, 1990 SHANSON ANALYSIS

UNPUBLISHED IIORK.

PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.

FOR SUPPORT CALL RAFIG AHMED PHONE (205) 544-2217 TWX

HPOTP TURBINE DISC SINID SDI09%, 5123191 9.7179 JUL 12,1991 CP-

***** POST1 NODAL TEMPERATURE LISTING *''**

STEP 3 ITERATION" I0 SECTION- 1

1-7-21

17.200

SYSTEMS, INC. AS

18,180

SYSTEMS, INC.

19.16C



TII_- O.lO000

1 432.210_3

2 4_.2e074

3 432.20074
4 452.28074

S 435.67371

• 435.•75?2

7 435.67372

4 435.67372

S 442.42609

10 442.42_9

NAXIMUm

VAle,rE 442.42•09

LOAD CASE- 1

USE LOAD STEP 6 ITERATICM 0 SECTION

DISPI_CE/ElqT STORED FOR 3•0 NODU

ITERATI_ 51_MARY IMIRORMATION STORED

NODAL FaqC:_5 STORED FOR %0 EL.E.qF..MTS

** tW_t_J_IN G *e*_ CP"

ACCVMULATE_ SOLUTION pHASE WARNING I,ESSAGS$ --

SeE FILK19 OR FLUE0•

FOR LOAD STEP- & ITERATION,- 10 SZCTIOR--

TIRT_- 1.00000 LCAD CASK- 1

TITLE- I_OTP TI;RBIHK DISC SINID SD109%, 5/25/91

HSEL FOR LABEL- MODE FROI_ I TO I0 BY l

i FOR IE_D CASE

19.980 TIME-

S1.

SYSTEMS. INC. A3

RIGHTS RESERVED.

9,71023

i0 HODEJ (Or 3•0 REFINED) SZLECTZD BY HSEL CCIg_XD.

PRINT WOOAL TEMPERATURES
1 AMSYS - ENGINEERING ANALYSIS SYST_ REVISIOR 4.4 A i0 (MARSHALL SPACE) HAY 1,1990

AMSYS(R) CC_SfRIGFCr(c) 1571, 1978, 1%82, 1903, 2985, 1987, 1989. lg_0 SNAMSOR ANALYSIS

UNPUBLISHED WC_K.
pROPRIETARY DATA - UNAUTHORIZED USE. DISTRIBUTIOR OR DUPLICATIOW IS ?_OHIBITED. ALL

FOR SUPP'_T CALL RAFIQ _ PHONE (205) 544-2217 TWX

HPOTP TURBINE DISC 5IN1D SDI0$%, 5/25/91

t**** POSTI NODAL T_ERATURE LISTING *****

LQ_D STEP i ITERATION,- I0 SECTIOI_ 1

TLVal - 1. 0000 LOAD CJ43K. 1

I FOR _AD CASE L

9.7183 JUL 12,1991 CP-

21.040 TIME- 9.71864

61.

MCOE TENP

1 422.49015

2 422.49020

3 432.49020

4 422.49020

5 425.35261

6 425.352•I

7 425.35261

e 425.35261

9 451.05141

10 431.05141

MAXlMm4m
NOD_ 10

VALUE 431.05141

USE _ STE_ 7 ITERATION 0 SECTION

DISPL_CEMBNT STORED FOR 560 HCOF.5

ITERATION SUMMART INFORMATION STOREO

MODAL FCSC_S STORED FOR 90 _LEMERTS

* * *N/J_.NING *** CP-

ACCUMULATED SOLUTION pHASE WAR_ING _.,SSA(_S -

SEE FILE_$ OR FILE0•

FOR _ STEP_ 7 ITERATION-- 10 SECTIOR-

TZI4F_ 1.20000 LOAD CASK. 1

TITLE- _ Tb_BISE DISC SINID SDI09%, 5/25/91

NSEL FOR _ NODE FRON I TO 10 BY l

(MARSHALL SPACE) HAY 1.1990
SWANSOR ANALYSIS

RIGHTS RESERVED.

I0 MO_IP.S (or 3•0 _FINED) SELECTED BY MSEL C(_AMD.

PRINT _ TER_ERATUR_S
1 ANSTS - [NGINEERING ANALYSIS SYSTEM REVISION 4.4 A 10

ANSYS(R) COPYRIGHT(C) 19?1, 1971, 1912. 1943. 1985, LSeT, 1909. 1990

UNPUBLISHED _ORK.
pROPRIETARY DATA - UNAUTHORIZED USE. DISTRIBUTION OR DUPLICATION IS pROHIBITED. ALL

FOR SUPPORT CALL RAFIQ AHMED PHONE (205) 544-2217 TWX

_OTP TURBINE DISC SINID SDI09%, 5/25191

***** POSTI MODAL TEMPERATURE LISTING "****

STEP 7 ITERATIOH-- i0 SECTION- 1

TIME_ 2.2000

NODE TEMP

i 450.71814

2 450.7111_

3 430.71814

4 450.71114

S 452.9745S

6 452.97460

7 432.97460

8 432.97460

9 437.48052

LEAD CASE- 1

1-7-22

9.7117 JUL 12,1991 CP*

20.200

SYSTEMS, INC, ._

21.2_



10 437.48052

MAXIMma

MOW 10

VALUE 433.480S2

USE _ STI_ | ITERATION 0 SECTION

DISP_ STORED FOa 3r_ NCOU

ITERATION SUI_ARY INFORNATION STORED

MODAL FORCZS STORED FOR 90 K_

* t eW_qMIN G eee Cpo

AC_JNULATE_ SOLUTIOM pHASE MARMXNG ItSSJ_S o
SEE FILE19 C8 FZLEOG

tOM _ STEP- 8 ITIZRATIOI_ 10 SECTICN-

TIMIP. 1.30000 LOAD CASZ,- 1

TITLE- ;'E"OTP TURBINE DISC $IN1D SD109q, 5/23/91

NSZL FOR LABEL- NODK F_4 1 TO 10 BY 1

1 FOR IEAD CA_

22. 020 TINS--

71.

9.710_8

10 MODES (Of 360 DEFINZD) SELECTED BY NSEL CCI_AND.

PRINT MCOAL TEMPERATURES

1 ANSYS - ZNGINE_ING ANALYSIS SYSTEM REVISION 4.4 A 10

ANSYS(R) C_PYRIGHT(C} 1971, 1970, 1982, 1983, 1985, 1907, 1989, 1990

UNPUBLISHED NCRI[.

PROPRIETARY DATA - UNAUTHORI|ED USE, DISTRIBUTIOW OR DUPLICATION IS PRC_iIBITED. ALL
FOR SUPPORT CALL RAIeZQ AH_ PHOMI (20S) 544-2217 TIq'X

HPOTP TURBINE DISC SINID SDIOS%. 5/23/91 9.?ISO

*e*** POSTX MODAL TEMPERATURE LISTING *t***

LOAD STEP 8 ITERATIOIf,. 10 SECTION- 1

TIME- 1.3000 LOAD CA.q Z,. 1

1 FOR LOAD CASE

9.71929

TEMP

431.49173

431.49174

431.49174
431.49174

433.67034

433.67034

433.67034

43_.67034

438.01544

438.01544

NODE

1

2
3

4

S

6

7

e

9

10

MAX_

HODIZ 10

VALUE 438.01544

USE _ STI_ 9 ITERATIOM 0 SECTION

DISPLACZJ4ZNT STORED FOR 360 N_ZS

ITERATION SUMMARY INFORMATION STORED

NODAL FCRCY._ STONED FQR 90 EIZJ4ENTS

***WARNING "** CP-

ACCUMClLATED SOLUTION PHA3 It WARNING NESSAGES -

SEE FILEI9 (IS FILED6

FOR _ STEP- 9 ITERATION- i0 SECTI(_- 1
TI_t_ 1.50000 LOAD CR.qE-- 1

TITLE- _OTP TURBINE DISC SIN1D SD1099, 5/23/91

NSZL FOR LABEL- MGOE FROM 1 TO 10 BY 1

23.010 TLV_ -

81.

(MARSHALL SPACE) PlAY 1,1590

SNANSCN ANALYSIS

10 NOOES (OF 360 DEFINED) SELECTED BY NSEL COMMAND.

PRINT NODAL T_qPERATURES
1 ANSYS - ZNGINEZRING ANALYSIS SYSTEM REVISION 4.4 A 10 (MARSHALL SPACE) HAY 1,1990

ANSYS(R) CCPTRIGNT(C) 1971, 1978, 1982, 1903. 1985. 1987, 1989, 1990 3WANSOD ANALYSIS

UNPUBLISHED D_m[.

PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS pRCX41BITED. ALL

TOM SUPPORT CALL RAFIQ AR_D PHONE (205) 544-2217 TWX

HPOTP TURBINE DISC SIN1D SD1094o ",/23/91 9.7193

00*** FOST1 NODAL TE/_I_ATU1_ LISTING *'*'*

IX_ STEP 9 ITERATIOIk- 10 sECTION'° i
LOAD CASE-- I

SYSTEMS, INC. AS

TIME- 1.5000

NODE

1 419.87429

2 419.07430

3 419.87430

4 419.07430

5 422.08069

6 422.08069

7 422.06069

8 422.00069

9 426.47318

10 426.47318

MAKIN_q_

NODE 10

VALUE 426.4731#.

USE LOAD STEP 10 ITERATION 0 SECTION 1 FOR LOAD CASE 1

DISPL_C_NT STONED FOR 360 NODES

1-7-23

ITERATION SUMMARY INFON4ATION STONED

RIGHTS RESERVED.

JUL 12,1991 CP-- 22.210

SYSTEMS, INC. AS

RIGHTS RESERVED.

JUL 12, L991 CP- 25.220



.

FCMCES STI_ULD _ 9O zZZlgmTS

***WARNZMG *** CP- 23. 990 TLqE-- 9.72001

ACC_IULATED SQLUTZOM PHASE MARMING NISSAGE8 - 91.

SU rZ_IL19 OR riLE01

FOR LOAD STEP- 10 ITERATION" 10 SECTION- 1

TIME-- 1.60000 LOAD CASK', 1

TITI&- _OTP TURBI_ DISC SIN1D $D1094, 5/23/91

NSln',* FOM LI_ _ FR,CN I TO 10 BY 1

10 MODU (Gr 360 I_IMlr, D) SEIZCTED BY HSEL CCl,g'l#kl_I).

PRIST 1_SDAL TI_ERATURES

1 ANBYS - ENGINZERIMG ANALYSIS SYSTEM REVISICII 4.4 A I0 (MARSHALL SPACE) NAT 1,1990

AMSYS(R) L'_PTRIGIt_(C) 1971, 1978, 1982, 1983, 1985, 1997, 1989, 1998 SWAMSCm ANALYSIS

t_qPUBLZ SHED ICItl[.
pItG_RIETRRY DATA - WAAUTBOaIZ In USK, DISTRIBUTIQN OR DUPLICATICm IS pROHIBITED. ALL

FOR S_P, OMT CALL RAFIQ AHHED PHOSE (205) 544-2217 TWX

HI_ TURBID DISC SIMID SDI099, 5/23/91 9.7201

***** POSTI NQOAL TEMPERATURE LISTING **'*"

STEP 10 I_kTION_ 10 SECTION- 1

TINZ- 1.6000 LOAD CASE" 1

NCO8 TE],_

278.17924

2 270.17925

3 278.17925

4 278.1792S

S 294.00478

6 2114.00479

? 284.00478

8 294.00479

9 295.3G984

1O 295.3G905

W_XlMUNS

NO_ 10
VALUK 295. 31985

USE LOAD STEP Ii ITERATION 0 SECTION

DI_I.qX:ZNENT STORE_ FOR 3S0 NCOU

ITERATION SUIPIARY IWFORMATION STORED

HOOAL FORCES STORED FCR 90 ZLFJf, NTS

* t *WAJ_IN Geae CP-

_C'UIfJLAT_D SOLUTION PHASE MARNING _SSA_S --

SEE FILE19 OR FILl06

_DR LOAD STEP- 11 ITERATION-- 10 'qECTIDN- 1

TIM_ 1.80000 LOAD CA3 E.- 1
TITL_ NPOTP T_RBINE DISC SIN1D SD109%, 5/23/91

NSEL FOR IABEL- NODK FRC_ 1 TO 10 BY 1

1 FOR LOAD CASE 1

24.910 TIME- 9.72034

101.

i0 _ODFS (Ct_ 360 DZFIMED) SELECTED BY HSEL CQF_AMD.

PRINT _R_DAL TEMPERATURES
1 AHSTS - ENGIneERING AHALTSIS STSTEM REVI$1C_ 4.4 A I0

AMSYS(R) C_YRIGNT(C) 1971, 197R, 1982, 1983, 1905, 1987, 1989, 1990

UNPUBLISHED NGMK.
pROPRIETARY DATA - UNAUTHORIZED USZ, DISTRISUTIO_ OR DUPLICATION IS PROHIBITED. ALL

FOR SUPPORT CALL RA_I(_ _ PNO_ (205) 544-2217 TWX

HPOTP T_RBIn DISC SIN1D SDI09%, 5/23/91 9.7204

*t*** P_STI NODAL TEMPERATURE LISTING "****

LOAD STEP 1l ITERATIO_k" 10 SECTION- 1

TIME-- 1.8000 _ cR.q _" 1

NOOK

1 221.99N1

2 221.99982

3 221 • 5)9902

4 221. 99982

5 226.14442

6 226.14442

? 226.14442

8 226.14443

9 234.36152

10 234.36152

HAXIM_MS

HO0_ 10
VALUE 234.36152

USE _ STEP 12 ITERATION 0 SECTION

DISP_ STORED FOR 360 HOOFS

ITERATION SUMMARY IMTORMATION STORED

NODAL FORTES STORED F(3_ 90 ELEMENTS

• **MARRING *** CP-

AccIrHULAT_ SOLUTION pHASE WARMING _SSAGES -

SEE rllZ19 CR FIIJ_06

FOR _ STEP-- 12 ITERATION** I0 SECTI_-

TIME- 1.90000 LOAD CARE-- I

TITLE- HPOTP TURBINE DISC SINID SD109%, 5/23/91

NSEL FOR IAREL-- NODE FROM I TO 10 BY

1 FOR I_DAD CASE 1

25.960 TIME- 9.72067

111.

I

1-7-24

STST[J_, INC. A3

RIGHTS RESERVED.

3"JL 12,1991 CP--

(MARSHALL SPACE) MAY 1,1990
SNANSON AMALYS IS

24.180

SYSTEMS, INC. A_

RIGHTS RESERVED.

JUL 12,1991CP- 25.180



w

10 NODIUI (OF 360 DEFINED) sELECTED BY NSSL CCHMAND.

PRINT NCOAL TID_ERATtflQ_

1 ARJY_ - ENGINEERING ANALYSIS SYSTI_4 REVISIDN 4.4 A 10 (MARSHALL SPACt) NAY 1.1990

ANeYS(JU_ _YRIGHT(C) 1971, 1978, 1902, 19|3, 1905, 1987, 1989. 1990 SHAM.tOM ANALYSIS
UNPUBLISHED MCMX.

PROfRIETRRy DATA - UNAUTHORISED USE, DISTRIBUTIDW OR DVPLICATION IS PRC_IBITEDo ALL RIGHTS RESERVED.

FOR SUPPORT CALL P.AfIQ _ PHONE (205) 544-2217 TNX

HPOTP TURBINB 0ISC $IM1D SDI09%, 5/23191 9.7207 JUL 12,1991 CP-

***** POST1 NODAL T_ERATUI_ LISTING *****

STEP 12 ITERATION- 10 SECTIOI4- 1

TIRm- 1.9000 LOAD CASE," 1

TZMP

24S.060|6

245.06087

245.0608?

245.06087

249.02458

240.02459

248.02450

248.02459

253. 95540

253.95540

MCOll

i

2

3
4

5

S

7

l

9
10

KAXlMUNS

NODE 10

VALUE 253.95540

USE LOAD STEP 13 ITERATION 0 SECTION

DISP_NT STORED FOR 360 NODES

ITERATION Sb_4MARY INFORMATION STORED

NODAL FCtaCES STORED FOR 90 ELEMENTS

** *HARMING *** CP-

ACCUMULATED SOLUTION PHASE MARNING NESSAG_S -

SEE FILEI9 OR FILE06

FOR LOAD STEp- 13 ITERATION" i0 SECTION-

TIlq.,- 2.10000 LOAD CA3E- 1

TITLE- _OTP TURBINE DISC SIN1D 5D109%, 5123191

NSEL FOR LABEL-- NODE FR(_I 1 TO 10 BY i

1 FOR _ CASE 1

26. 930 TIME- 9.72103

121.

I0 NOOK (or 360 DEFINED) SELECTED BY NSEL C_U4KND.

PRINT N_AL TERnPZRATURES

1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISIO_ 4.4 A I0 (MARSHALL SPACE) HAY 1,1990

ANSYS(R} CC_YRIGHT(C) 1971, 1978, 1982, 1963, 1985, 1987, 1909, 199Q RANSOM ANALYSIS
UNPUBLISHED _.

PROpRIETARy DATA - UNAUTHORISE2) USE, DISTRIBUTION OR DUPLICATIOH IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL RAFIO AHMED PHONE (205) 544-2217 TWX

HPOTp TURBINE DISC SINID SDI09q, 5123191

**'** FOSTI NODAL TFJ4PERATURE LISTING '****

IX_%D STEP 13 ITERATIOIk- I0 SECTION- i

TIME- 2.1000 LOAD CASE- 1

TEMP

228.76086

228.76088
228.76080

228.76068

231.98329

231.98330

231.91330

231.90330

236.38463

231.38464

MODE

i

2
3

4

5

6

7

8

9

i0

MAXIRff_g

NODS I0

230.38404

USE LOAD STEP 14 ITERATION 0 SECTION

DISPI_%C_ STORED FOR 360 NODER

ITERATION 5_4_qy INFORMATION STORED

NODAL FORCES STORED F_q 90 ELEMENTS

***WANNING **e CP-

ACCUMULATED SOLUTION PHASE WARNING NESSAGES -

SEE FILEI9 OR FILE06

FOR IXIAD STEP- 14 ITERATIO_ IO SECTION-

TIME- 2.30000 LOAD C_.SE- 1

TITLE- F_?OTP TURBINE DISC SINID SD1099, 5/23/91

NSEL FOR 121LSEL- NODE FROt{ L TO i0 BY 1

1 FOR LOAD CASE 1

27.890 TIME- 9.72136

131.

9.7211 JUL 12,1991 CP-

SYSTEMS, INC. AS

10 NODES (Gf 360 DEFINED) SELECTED BY NSEL CC_.

PRINT HQDAL TER_ERAT_RES

I ANSYS - KNGIREERING AXALYSIS SYSTEM R_V_SI_N 4.4 A 10 (MARSHALL SPACE) NAY 1,1990

AHSYS(R) COPTRIGHTIC) 1971, 1970, 1982, 1983, iR_5. 1987, 1989, 1990 SWANSON ANALYSIS
UNPUBLISHED t_.

PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIB_TI@N OR 3b_LICATION IS FROHIBITED. ALL RIGHTS RESERVED.

FOR SUPPORT CALL RAFIO AHMED PHONE (205) 544-2217 TWX

HPOTP TURBINE DISC SINID SD1096, 5/23/91 9.7214 JUL 12,1991 CP-

***** POST1 NODAL TEMPERA_JRE LISTING "**'"
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26.150

SYSTEMS, INC. A3

27.130

SYSTEMS, INC. AS

28.090



J

LOAD S_JP 14 ITE_ATZOI_ 10 SICTZON- 1

TINZ-- 2.3000 IZ:t_CJ_E- 1

IIGOK .13U_
1 218.10240

2 210.10240

3 210.10241

4 21|,18241

5 221.18791

• 221.18791

7 221.18791

O 221.10791

9 227.16531

10 227.16532

HNCINmlS
XO_ 10

VA_I 227.1SS32

USK _ S*_DP 1S I_RATION 0 SZCTIOll 1 FOR LOAD C.q3E 1

END Off FIt,& DETEC'_ED ON FIIJ_I2

• It _ ,re
LOAD $_,T 1S. ITF3t 0. 9IS_CYJ_MT$ (GROU1 _ 3.) MOT ON FIIJ_12.

END (1 FZ_JL DE'_'Y,C_ _ FII,E12

eel _ elm
1DAD STEP 15. ITLq 0. EI,I_ S_SSF,.q (GR(7.JP 4.) _ OH FII,E12.

END Off FILE D_'_ED O_l FII.E12

EI_,1 D 15. Z_Jt 0. ILI_CT. F(_CU (GROUP S.) NOT ON F][_,12.

• * *II_ItMZNG *'* C?- 38.140 T IJ4E- 9. _2",'95

NO DATA $'_IUD) FOR [DN) $1_D' 15. ITERATICII 0. TI_ 0.0000

NSEL FOR 1ABE3,- _ FROM 1 ?O 10 BY I

10 NOOU (CE' 3i;0 _FINED) SELEC'I_D BY NSI_L COIqqAND.

PRIBT IK:O,M, TD(pLq_TITRKS

ee tWNUIZM G *** CP- 38.320 T TJtB- 9.?2000

NO DZqpLJt,C_ FC8 I,O,N) CASK - 1.

• *"+'" R_TIKE C_IPL_I"_) "'""+" C1j - 31.380

****" RUM COI_LZTEO "*'** C?- 38.6100 TI_L_,- 9.7211

Review of the results

The postprocessing phase is where the results of the analysis are reviewed by graphics
displays or tabular reports of temperature, heat flux and thermal gradient A temperature
contour of the model is a quick way to locate the high temperature re,on. ,_x_ has two
postprocessors, POST1, the general postprocessor, allows you to rewew the results of any
load step and iteration for the entire model, and POST26, the time-history postprocessor,
allows you to review the variation of a result item, such as temperature at specific point in
the model, with respect to time or with respect to another result item. This is very helpful

with transient analysis.

The following example illustrates some uses of the POST1 and POST26 commands. It is
assumed that the FILE12.DAT (or FILE10), containing the solution data is available. See

your reference manual for details about POST1 and POST26. For a complete command
statement description see the ANSYS User's Manuals, volumen 1 & 2.
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H?O?? TUI_IIlE DISC SIJID $D1tgJj $123/91

klSTS 4.4&
JUL 25 1991
16:36:15
POSTI STUSS
STEPsI4

ITEI=t!
?IMZa2.3
?Eli?
S_]I -236.093
S_ 8985.856

ZY --1
YY .1
ZY -1
DlSTml.163339
IF =e.el
YF =0.01
ZF =0.2
EDSE
k .273.302
) -347.721
C -422.139
D -496.557
£ =575.975

H -794.229
I -868.647

POST1 General Database Postprocessor

This routine is a database postprocessor for sorting, printing, and displaying selected
results from any ANSYS analysis. Geometry, node, and element data may be stored for a
specified iteration and load step. Next is a sample input and printout of the figure above, a
section of the first stage turbine disc model of the HPOTP in the SSME.

/SHOW,4105M,, 1 *Command for graphics valid device the output will
be on the screen, 4105 for Tektronix terminal, M

for pointing device, and 1 for vector mode
(lines instead of color contour areas).

_OST1

/VIEW, l,- 1,1,1
SET, 14
/EDGE,1
PLNSTR,TEMP
FINISH

/EOF
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I
TEII_

\

\

\
\

\
-_ _-- .1 $gllZ

TZ_E
2.$

1.75 2.25

5/2319!

_l'STS 4.4&
J_l. 25 1991
IG:41:44
?0$T26

ZT =t
DIST-|. 6666
ZF =0.5
YF -0.5
Z7 .O.S

POST26 Time History Results Postprocessor

The POST26 routine allows the cross-displaying or listing of any variable for an element or

nodal point against any other variable for an element or nodal point. For example, the
/POST26 command began the routine. The next input listing is to build the graph above

that represents the temperature variation during the shutdown of the engine, when the disc
coolant temperann'e drops from approximately 1000°R to cryogenic temperatures.

/POST 26
FILE,12
DISP,2,1,TEMP,SURF *This command def'mes nodal temperature data to be

stored, 2 Is a arbitrary reference number assigned to
this particular variable, 1 Node for which data are to
stored, TEMP Displacement label associated with
node, SURF Four character name on the printout

and display.

/GRAPH,LABX,TIME

/GRAPH,LABY,TEMP

*Determines the style of a graph plot, and X axis
labeling can applied to a graph

*Determines the style of a graph plot, and Y axis
labeling can applied to a graph

GRID, 1
PLVAR,2

FINISH

/EOF

*Grid lines for the graph
*Define which variables are to be displayed. Up to

nine variables may be displayed on a frame
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V. Derivat|on of Equation:

Consider a one-dimensional heat flow system:

Tf

2 1
K2,A2,L2

0

h - convection

coefficient

Af = convection area

Q= positive for heat
flow into a node

For a 1-d conducting bar

Q= KA (T2-T1)
L

For a lumped mass

Q=oCpVT=CT

For a con_ectionelement

Q = hA (Tf- T2)

Summing the heat flow rates into mass 2 and equating to the heat storage at the
node gives:

hAf (T e - T2) + K2A_ (T 1 -T2) + Q2 - C2;1"2
L2

For Mass 1

+ K1A1K2A_ (T2- T1) (To- T1) + Q1 - CIT1

For the final temperature mass

(T1- To) + Qo = Co;Fo
Ll
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Rearranging terms:

Co%+_& To._K_L_T_= Qv
- Lt L:

Ct'r I + KIA_I- TI .KIAI TO _ Tl _K2A_ I"2 =Q1
Lt Lt [.2 L2

C2T2 +-_ T2 -K2A2L2 T: + hAfT2 = Q2 + hAfTf

Expressing this set of equations in matrix form gives:

oc,Ol T,
o o

+

Li Li

.KiAh _ +K2A2
LI LI L2 I-,2

0 _K2A_ K2A2 + hAl

VI.

This matrix equation can be written more concisely as:

[C] {_l'} + [K] {T} = {Q}

For a steady-stated thermal solution, the equation becomes:

[K] iT} = {Q}

If the pro_rties (K, h0 are not function of temperature, then this is a set of simultaneous
linear equations and can be solved by a standard equation solution techniques.

If the properties are temperature dependent, then an iterative solution is appropriate, that is:

[Ki] {Ti +1 } = {Qi }

Closing Comments

In this section, two methods are used to solve a one-dimensional, steady state and transient
heat transfer problem. In this particular problem the purpose was to determine the most

likely thermal environment that drives rib cracking. Two solutions, obtained using a finite
difference method (SINDA), and a finite element method (ANSYS), were found to

compare favorably during engine shutdown.
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CHAPTER 1: STEADY STATE
CONVECTION

AND TRANSIENT CONDUCTION WITH

SECTION 8:- Investigation of Time Step and Node Size Sensitivity,
1-Dimensional Solution

ANALYSIS CODE: SINDA (Gaski Version)

I* Identification of the Problem:

A thermal modeler is faced with the task of construc_ng a model and selecting a solution
technique which will yield a good, stable solution for the least cost. To do so, the modeler

must define appropriate values for the grid size and time step. Criteria for determining these
values are presented in this chapter. A simple problem, for which a high heat flux is
imposed on one surface of a plane wall, is used to illustrate the influence of these
parameters on a transient solution. The following is a list of objectives for this section:

° Develop an exact solution to the problem (solve for the transient temperature profile
across the wall).

2. Develop criteria for determining the grid size and time step.

,

Ao

Develop a SINDA model of the problem. Perform parametric analysis using the
criteria developed in item 2 for determining the grid size and time step. Compare the
(temperature) results with those of the exact solution.

Statement of the Problem:

Consider a homogeneous, semi-inf'mite wall which is 0.2m thick. The thermal

conductivity, k, of the wall is 3.98 W/m°K. The specific heat and the density

808 J/kg°K and 2600 kg/m 3, respectively. The wall temperature is 300°K. A high

heat flux is imposed on one surface such that the surface temperature, at time zero,
is fixed at 3300°K. Determine the transient temperature distribution across the wall.

B. Schematic:

T(0,t)=Ts

_.,-a ¸

Ot Ox2

T(x,0) =Ti

-._-----_ L ..-...........*b-

I =ox=L

Adiabatic wall

w
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III.

Figure1: Schematic of semi-in/mite wall, insulated on
one side with high heat flux imposed on the other surface.

Given:

.

2.
3.
4.

5.
6.

7.

Wall has constant cross section area and is homogeneous.
Wall thickness = 0.2 m
k = 3.98 W/m°K

Cpffi 808 J/kg°K

P = 2600 kg/m 3

Ti = 300°K

Crs)t=O. = 3300°K

D. Find:

1. The transient tempexanwe distribution across the wall.

Exact Solution to the Problem:

Consider a differential strip of the plane wall. Conservation of energy requires that

l_in= F-.ou,+ l_uo (I)

i¢ _ "F_,

"F_ _ "F-out

/A

dx

From which

qx = qx+dx + pCpAdx_--T

From Fourier's law,

(2)
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(3)

where A is the cross sectional area of the "strip". Similarly,

or

L_ _lJ _

or

{kAa_r/
_---_-t 5-2dj_

(4)

Substitution of (3) and (4) into (2) gives

or

or

/
- _-- _-t _-2d2/_+PC_

kA .a----_--_dx : pCpAdx_ _--o_x2

(5)

Dividing both sides of (5) by k yeilds

(6)

Setting _-pCp _ 1 then gives
k B

a2T = I aT
ax2 fl _t

(7)

From the problem statement, we may write the following boundary conditions.

T(0,t) = T s = 3300°K

3T(x=L,t)
= 0 (Adiabatic boundary)

_t
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The initialconditionis

T(x,0)= T i= 300°K

So then,thetemperaturedistributionisobtainedby solving

=i
_x2 _ _t

subject to the following boundary/'mitini conditions:

T(0,t) = Ts t >_.0

OT(L,t) = 0 t > 0
Ox

(8)

(9)

(I0)

T(x,0) = Ti 0 ( x ( L (11)

Suppose now that T(x,t), the general solution to (8), is expressed as the sum of its
steadystateand transientparts;thatis,

T(x,t) = w(x,t) + v(x)

where w(x,t) is the transient part of the solution and v(x) denotes the steady state

part. It is easily shown that the steady state solution is given by

v(x) = Ts

Hence, T(x,t) = w(x,t) + Ts (12)

and we are left only to obtain the transient part of the solution. The transient part

must satisfy the original partial differential equation as well as the boundary and
initial conditions. From (12), we have

and
w(x,t) = T(x,t) - Ts

0

bW__x_0T(x,t)_xx
(13)

and
o_2w _ o_2T(x,t)

Ox2 Ox2 (14)

Similarly,
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0

Ow OT(x,O +_t_ so---7-

The boundary conditions become
(15)

w(0,t)--T(0,t)-Ts
= Ts -Ts = 0.

(16)

and

0

bw I 0T(L,t)+_ s- Ox =0

x=O
(17)

The initial condition is

w(x,0)= T(x,0)-Ts = Ti- Ts.

substimtionof(14)and (15)into(8)gives

Ox2 13&

where the (new) boundary conditions are

w(0,t)= 0

(18)

(19)

_W
(L,t) = 0

0x

w(x,0) = Ti -Ts

Suppose now that w(x,t) is expressed as the product of two functions, one of x and
one of c w(x,O may be expressed as

w(x,0= ¢(x)_t)

such that

and

Substitution of (20)and (21)into (19) gives

(20)

(21)
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¢"(x) _t) = _ ¢(x) y(t)
(22)

from which

¢"(x) =iV(t)
O(x) 13 _t) (23)

Since the left side of (23) is a function of x and the right side is a function of only t,
the only way to satisfy (23) is to set both sides equal to the same non-zero constant,
C. We then have

and

#"(x) = C =, ¢"(x)- C¢(x) = 0
¢(x)

l YCt___2)=c =, V'(t)-clot)=o
13"t(t)

(24)

(25)

which are both homogeneous differential equations. Let us now define a negative

constant, ._2 = C, such that (24) becomes

where

t_"(X) +_2t_(X)----0,

W(0,t) = ¢(0) _t) = 0

(26)

and

_w

Ox = ¢'(L) _(t)= 0
x= L

from which

¢(0) = 0 (27)
and

0"(L) = 0 (28)
The general solution to (26) is

Alcos _.x + A2sin _.x = ¢(x)

Applying the boundary condition, (27), gives

Alcos 0 +A2sin 0 = 0
or

AI =0.

(29)
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Then

and

Applying the second boundary condition, we f'md that

_'(L) = A22Lcos _ = 0.

(30)

(31)

We can not allow A2 = 0 or _. -= 0 ,as this leads to a correct but

trivial solution. The only alternative is for

cos 2tL -= 0.

_/L
which means that X must be an odd integer multiple of 2L.
Thus,

Xn=(2n-1)g where l<n<**
2L

and

i_n(x) = A2sin (2n- 1)_
2L x (32)

Recognizing that (26), (27), and (28) are homogeneous, A2 may be droped from
(32) because any constant multiple of a solution to (26) is also a solution.
Therefore,

%(x) sin (2n-1)rt= X
2L

Considering, now, equation (25), we have

(33)

V'(O- cI3 (t) = o

or, upon substitution of X into (25),

y'(t) + 13X2y(t)= 0.

The general form of the solution to (34) is

(34)

_(t) = A3 exp(-_2t)

Noting, again, that (25) is homogeneous, we may re-write (35) without the
constant. Hence,

(35)

yn(t) = exp(-13_t)
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Sothen,

" w.(x.t) = q (x)
= sin exp(-13X t) (36)

It is now possible to apply the principle of superposition and to form the following
linear combination of the solution.

m

w(x,t) = _ bn sin Ln x exp( -13_ t)
n=l

where

X_ = 2(n- 1)n
2L

The general solution to the original problem then has the form

T(x,t) = w(x,t) + v(x)

- _ bn sin kn x exp(-_ t) + T,
n=l

wbere

Xn = (2n-1)Tt
2L

and L, 13,Ts are constants.

The initial condition has yet to be satisfied, and requires that

w(x,O) = '_ bn sin 2Lnx exp(-_(O))
n--1

=Z bnsin 2Lnx = g(x) = constant = Ti- Ts
n=l

where 0 _<x < L

(37)

Because _, has the form, (2n-1)x/2L, (37) is not a routine Fourier series. It may be

shown, however, that the series in (37) represents the function, g(x) (a constant tn
this case), as long as g is sectionally smooth and the coefficients are chosen

according to

ILbn = 2 g(x) sin (2n-2L1)Xx dx (381
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The completr.dgeneralsolutionisgiven by

where

and

¢tQ

T(x,t) = _ bn sin LnX exp(-_ t) + Ts
nffil

IL
= (2la._)_ " bn = _ (Ti-"Is)sin(2n-1)_x dx' 2L

0_x_L

In thiscase,L = 0.2m,

k = 3.98 W/rnK, p = 2600 Kg/m 3,
We have

(2n-1)gbn= ..2,_ -3000 sin
0.2 2(.2)

where

So,

Ti = 300 K, Ts = 3300 K, _ = k/pCp,

Cp = 808 J/KgK.

mxdx

.2

= (10) (-3000) sin (2n-1)g
.4 xdx

=30000((2n4)g} cos-
(2n-1)n

.4

.2
12000 (2n-1)g x l

(2n-1)xc°s" (.2) 2 I 0

0

.2

0

,,4
= 12000 [cos (2__1] =- 12000

(2n-1)_L 7 2 1 (2n-1)x

= __.g.__= 3.98 J m 3 Kg K
pCp see m K 2600 Kg 808 J

= 1.8945 E -6 m2/sec

n_l-12000 (2n-1)xx.]text.l.8945E-e[(2n-1)n 1 2]T(x,t) fZ[(2n_ 1)_][sin _ j| _ -j }+3300

II.

where x is in meters, t in seconds, and T in degrees K.

Mathematical Approximation for Grid Size & Time Step

Consider, again, the geometry represented in Figure 1. The
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accur'acy of the (temperature) predictions, obtained from a finite clement heat
transfer analyzer such as FAHT (thermal analyzer part of Fantastic), are highly
dependent on correctly defining the grid size and the time step. Temperature results
from several FAHT solutions are shown in Table I.

RUN X = .01

NO. !meter

FE-1 489.4K

FE-2 561.1

FE-3 572.0

.02 .03 .04

179.9 324.6 297.6

175.8 320.3 299.6

301.0 300.0 300.0

No. of

Elements

20

20

80

Time Step

(Seconds)

2

0.2

2

Table 1.FAHT Temperature prediction for various
grid sizes and time steps at time = 10. seconds

Fiigure 2. Depicts the short time transient solutions to the problem

T

time

T

Figure 2: Short time transient in a domain.

where _(ti) is the Penetration Depth, PD, at each time step. Physically, the PD is the
maximum depth, in the wall, to which the effect of heat addition is currently felt. In
order to obtain a realistic answer, the PD, for the first time step, should be large
enough to cover a number of elements.

Notice the fluctuation in temperature across the wall for the first 2 runs in table 1. It
is obvious that these predictions are in error since the wall temperature at X=.02m
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issignificantlybelow theinitialwalltemperatureof 300°K; such isillustratedby

upper most curve in figure 3. This error is attributed to the grid sizes being larger
thanthe PD.

Figure 3. Effect of large grid size in FAHT solution

X

v

Ae Approximate Solution:

Consider a general solution to the problem, of the following form.

0(x,t) =
T(x,t) - Ti

Ts - Ti
-- I- 2(x/8) + (x/8) 2

(39)

This equation is an approximate temperature profile which satisfies the

boundary condition. The energy equation, (7), in terms of 0(x,t) is

(40)

Substituting (39) into (40), and integrating from 0 to 8, gives

_xJo- 13dtuo
(41)

where

_90 2 + 2x

Ox 8 82
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n •

The left side of the equation (41) is then equal to 2/8. and

II ) I1.2_ _ ax- -_ 3 _X + x° ---'_

8 82 8 382 3
0

Then

or

613dt = &IS

Integration from 0 to t (with 8(0) = O) gives

82=2 613t =* I 8='fl-_ I (42)

Equation (42) approximates the Penetration Depth (PD) of a thermal front
into an isothermal semi-infinite domain. In order to obtain a realistic
answer, the PD (for the first time step) should be large enough to cover a
number of elements i.e.,

or

8(At) = _/_13 At

ff313At } Ax

) 2Ax (43)

The stability criterion for the explicit solution scheme is given by,

ax ) 4il3 at (44)

Equation (44) describes an inter-dependence between the time step and the
element size. In implicit solution routines this equation has no bearing on

stability.

The following relation which satisfies equation (43) (and does not result in
the gross violation of equation (44)) is proposed for estimating inter-
dependence between the time step and the element size.

(45)

Suggested Procedure for Obtaining Accurate Transient Results:

The following approach is suggested where accurate transient solutions,

requiring minimal CPU time, are sought;

1. Choose a reasonable time step.
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.

.

Select Ax by calculating the acceptable limits Acceptable limits are
determined by applying

_ff-At ( Ax (_ 313 At (46)

Reduce Ax by a factor of two and select At using the
following relation

IV.

Ax2 (At(Ax2

(47)

, Compare the two results. If the change in the
temperature field exceeds an "acceptable variation", repeat step 3.
Obviously, the degree of the accuracy depends upon the selected
criterion for the "acceptable variation".

NOTE: This procedure is recommended for the _ solution scheme.

Numerical SINDA Solution to the Problem

A. General Approach:

The above procedure was used to estimate the grid size and time step inter-
dependence in an implicit SINDA solution. The "Forwad-back-long"
differencing scheme (FWDBKL) was selected. A time step of 10. seconds
was chosen for the first run. From the given material properties;

and

[3 = _..K_ = 3.98 = 1.8945E-6 m2
pCp 2600.'808. sec

= .0043 m & 'V_I3At = .007 m

From equation (45)

.0043 ( Ax ( .007

An element size of .005 was chosen for the fhst run. The element size was

reduced by 50% and the corresponding time step was estimated using
equation (46). The SINDA model included in this section was run for each
combination of time step and element size.

B. Discretization

The SINDA model consisted of a 0.2m thick homogeneous semi-infinite

wall with a surface area of 1.0 m 2 . The number of nodes within the wall

thickness was varied between runs, starting with 80 and increasing to 160
and 320 nodes. The initial wall temperature was set at 300°K. A boundary

1-8-13



Ce

node with a fixed temperature of 3300°K was placed on the surface (NODE
1000).

Presentation of Numerical Results

Predicted temperatures, together with the results of the exact solution, are
tabulated in Table 2. Also included in this table are the % absolute temp-
erature errors, for each case. The temperature result of the first run, at
location X= 0.01, is unexpectedly good. The temperature predictions
should get closer to the exact solution, as the grids become finer and/or
time steps are decreased. This u_nd is better illustrated by the results
obtained at X= 0.02.

RUN

NO.

i

EXACI"

SINDAI

o/c_,ROR

SINDA2

%ERROR

SINDA3

%ERROR

SINDA4

%ERROR

SINDA5

%ERROR

X=.O1

612.8

658.9

7.53

623.0

1.67

615.6

0.46

614.3

0.25

TABLE 2:

0.02

303.5

315.8

4.

313.6

3.4

306.2

0.9

304.2

0.21

303.7

0.05

0.03

300.

300.8

300.3

300.05

NO. OF

ELEMENTS

40

40

80

160

320

TIME STEP

SEO3NDS

10

4

2

0.5

0.1

SINDA Temperature results at 10 seconds.
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SINDA INPUT LISTING

BCD

BCD

END

BCD

GEN

END

BCD

GEN

CAL

END

BCD

3THERMAL LPC,S

91NVESTIGATION OF TIME STEP & NODE SIZE

3NODE DATA

1,80, I,300.,2600.,808.,.2,1.25E-2

-I000,3300,0. SBOUNDARY SURFACE NODE

END

3 CONDUCTOR DATA

1,79,1,1,1,2,1,3.98,1.,80.,.2

80.,i000, I,3.98,2.,80.,.2

3CONSTANTS DATA

NDIM - 1500, NLOOP -i0

ARLXCA - .01, DRLXCA = .01

DTIMEI - 2., OUTPUT = 2.,

BCD 3ARRAY DATA

END

BCD 3EXECUTION

CALL STATUS

CALL FWDBKL

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

CALL TPRINT

END

BCD 3END OF DATA

TIMEND = i0.
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De Recommendation for model generation

Because SINDA uses the finite differencing solution schemes, it is not as
sensitive to the Grid size and time step as the finite element analyzers such

as FAHT. As a model grows incomplexity,so does thecalculationofinter-

dependence between thegridsizeand time step.In generalthe SINDA user
shouldnodalizethe model with considerationfactorssuch as:(I)thepoints

where temperatu_s are desired, (2) the expected temperature distribution,
(3) physical reasonableness, and (4) the ease of computation. The actual
size of the node is dependent on other considerations: (1) accuracy desired,

(2) structural design, (3) computer storage capability, and (4) computer
time required. Each factor, however embodies other considerations. For
example, to anticipate the extg_ted temperature distribution, one must
draw heavily on Engineering Judgement as to the effects of the expected

boundary condition and associated material properties.

A SINDA userhowever does not have tofigureout theinterdependence

between thegrid,sizeand time stepfortheproblem.The explicitsolution
routineswithinSINDA such as,SNFRDL, willcalculatethetime step

necessarytoinsureastablesolution.The stabilitycriteriaof each diffusion

node iscalculatmiasthecapacitancedividedby the sum of theconductors
attachedtoit.The lowestvalueisthenplacedincontrolconstantCSGMIN.

The time step, DTIMEU, is then calculated as 95% of CSGMIN. The
implicit solution routines such as, FWDBKL, on the other hand are
unconditionally stable. The user however is cautioned in selecting
computational time steps significantly larger than the explicit stability
criteria, CSGMIN. For the implicit solution routines the value of CSGMIN
is calculated at each time step for information only. The user should

compare the time step specified, DTIMEI, with CSGMIN. IF the DTIMEI
is 5 to 10 times larger than CSGMIN, the user should halve the time step

and repeat the run to check the accuracy of the results.
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Introduction to Chanter 2

Steady State and Transien¢ R_ldi_t¢i0n

Chapter two includes radiation heat transfer examples, vitally important to spacecraft
thermal design. Because radiation is nonlinear with temperature, additional analytical
techniques are required and are illustrated here. In network analyzers, these techniques
are usually transparent to the code user. But it is important that even casual code users
understand the underlying assumptions and techniques employed.

Also, because several of these nonlinear problems have no closed- form solution,
differencing approaches and techniques for linearization of nonlinear terms are introduced
in this chapter. Again, this is important because analysts must understand numerical
assumptions and constraints to produce accurate analytical results.

Additionally, because radiation interchange is a complex function of geometry and surface
properties, an introductory example is given for the TRASYS program. Numerical

techniques for calculating geometric form factors are illustrated and graybody exchange
between surfaces is discussed.

Finally, the beginning analysts are advised to examine the closed- form solution given in
section one. This simple hand calculation can be useful for problem bounding estimates,
especially during thermal vacuum testing. The thermal analyst may find this useful several
times during his or her career.
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CHAPTER 2: STEADY STATE AND TRANSIENT RADIATION

SECTION 1: Radiation Heat Transfer Examples

I. Identification of the Problem:

Radiative heat transfer is an important consideration in the design and development of
spacecraft. The radiauv¢ exchange process for simple geometries like parallel plates,
concentric cylinders, and concentric spheres is easy to model and understand. These cases
are of practical importance in predicting the performance of radiation shields, Dewar
vessels, and cryogenic insulation. A box wrapped in multi-layer insulation (MLI)
undergoing thermal vacuum testing is analyzed in this section to show as an example of
simple radiative exchange.

A. Statement of the Problem:

Consider a 100 pound box wrapped in multi-layer insulation undergoing a thermal

vacuum test. The thermal vacuum test commences at time x = 0 hours. The initial

temperature of the box is 70 °F. The total surface area of the box is 10 square feet.
The cold case begins when the temperature of the box is 0 °F. The sink temperature
of liquid Nitrogen (TLN2) is -320 °F.

Fr{nd:

1)
2)
3)

The transient temperature drop of the box
The time required for the box to reach 0 °F (from 70 °F)
The time required for the box to reach 140 °F (from 0 oF), following the
cold case and assuming a 50 Watt heater is utilized

B. Schematic:

Tsink = - 320 °F

Figure 1. Schematic of 100 Ibm box wrapped in MLI
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II.

C. Given:

1)
2)
3)
4)

D. Find:

To -"70 °F --70 + 460 = 530 °R

m --pv = I00 Ibm

SurfaceArea = I0 sq.ft.

T=0°F=460°R

I)
2)
3)

Transient temperature drop of the box

Time required for box to reach 0 °F (from 70 °F)

Time required for box to reach 140 °F (from 0 oF), following the cold case
and assuming a 50 Watt heater is utilized

Formulation of the Problem:

A. Simplifying Assumptions:

1)
2)
3)
4)

Specific heat (Cp) of the box is 0.20 Btu/lbm °F
Emissivity (e) of MLI is 0.03

Sink temperature (TLNz) is - 320 °F (140 °R)
View Factor is 1.0

B. Initial and/or Boundary Conditions:

I)

2)
3)

Initial box temperature is 70 °F (530 °R)
Final box temperature is 0 °F (460 °R)
Sink temperature is - 320 °F (140 °R)

III. Analysis:

A. Closed Form Solution:

1. Cold Case:

tiffthe heat transfer process is determined only by radiation, then the net heat
ow during the time interval is given by

- pcpvd_ ffi oEFA[T(_)4 - T4]

Separating the variables of the equation gives

dT ffi . oEFA d,¢

T"-T'.

Integration of the equation gives
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f0---_ = _(mE& _d_
i-,._ m_v

Expressing T4 - T4. as the product of three binomials leads to

T 4-TA.= ('I'2+T_)(T+T..)(T.T..)

--_L__= -&T__+___+ D

'I'4_T 4. T2+T2 T+T. T-T.. (1)

Simplifying the equation gives

(A + C + D) T3 +(B- CT. + DT.) T 2+ (-AT 2.+ CT 2 + DT_)T

= i
Comparing the coefficients, we obtain

A+C+D=O

B-CT.+DT. = 0

-AT2.+CT2 +DTI = 0

D -CTL-BTI =

Solving for A, B, C, and D gives

A = 0 (2)

B----L-

2T2- (3)

C=--Z-

4 T 3. (4)

D= I--L_

4'I5- (5)

By substitutionof equations(2),(3),(4),and (5)into(1),theresultingequation becomes
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1

f f s l/-,:1 dT _._L dT +
dT ._. 2,.i_.."r'-'r'. :+_. 4"e. 'r+'r. 4'e.T-'r.

-- I_ - °a'4'F dxp%v

Inlgrationoftheequation gives

To 'To 'To

pCpV o

Evaluatingthelimitsof the equation gives

] - T+T. T-T_.
. tan-IT-tan-I To ---k-ln _ +-LIn

T. I". 4T3. To+T. 4T3. T0-T.
(6)

Substituting the following values:

T = Final box temperature = 0 °F = 460 °R
To = Initial box temperature = 70 °F = 530 °R
1", = Sink Temperature = - 320 °F = 140 °R

m = pv = 100 lbm

cp=0.20,¢ = 0.03, F=1.0

into equation (6) and solving for the time, x, we obtain

x = 47.13hrs

Hot Case:

For the hot case 1". becomes the steady state (s.s.) temperature

q,.,. = oeaMZ(l_s.s-T_s._

Given that qs.s. = 50 Watts and Tsink = 140 °R, then

qs.s. = (50 W)(3.413 Btu/hrW) = 170.65 Btu/hr

= (0.1714E 10-8)(0.03)(1.0)(10.0)(T4s.s.- 140 4)
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Solving for Ts.s. gives

'l's.s.= T.. ='759.220R

Substituting the following values:

T= 600" R

T0 = 460"R

T.. = 759' R

into equation (6) and solving for the time, ¢, we obtain

= 21.98 hrs.

B. Numerical (SINDA) Solution

1. Cold Case:

The "NODE DATA" block for this problem includes two nodes. One node
is the box, which has an initial temperature of 70°F (530°R) and a thermal
capacitance of 20 Btu/°F. The other node is a boundary node at -320 °F
(140°R).

The next block, "CONDUCTOR DATA", contains the conductance values

between the nodes. The negative sign in front of the conductor number
indicates radiation heat transfer. The conductance value is 5.142E -10.

The "EXECUTION" block calls SNFRDL, which is an explicit forward
differencing subroutine used for transient analyses. For this case, the
LPCS option is required and the control constants, TIMEND and
OUTPUT, must be specified.

•

The SINDA input listing for the cold case is given on the following pages.

Hot Case

The hot case is similar to the cold case, except that heater power is added (to
node 1) in the "VARIABLES 1" data block. In the node data block, the

initial temperature of node 1 is 0°F The SINDA input listing for the hot case
is given on the following pages.

IV. Presentation and Discussion of Results:

A. Presentation of Results:

For the cold case, the closed form solution indicated that 47.13 hours was required
for the box to reach 0°F, while the SINDA solution predicted 46.50 hours (Figure
2), a difference of less than 2%. For the hot case, the closed-form solution

indicated that 21.98 hours was required for the box to reach 140 °F (600 °R), while
the SINDA solution predicted 22.00 hours (Figure 3). The output files for the cold
and hot cases are given following the SINDA input listings.
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RADIATIONHEAT TRANSFER
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TIME(HOURS)

Figure 2. Transient Temperature-of the Box (Cold Case)
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Vl
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r
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Figure 3.

RADIATION HEAT TRANSFER

.M

I

• • • • °• • ° • •

I0 15 20 25
TIME fflOURS)

Transient Temperature of the Box (Hot Case)

30

Closing Comments:

The simple closed-form solution for this example is useful for obtaining quick answers to
transient problems which arise, for example, during thermal vacuum testing. Many
instances occur when a digital computer is not available or a numerical solution may not be

practical. In such cases, the closed-form solution provides valuable insight into
determining the expected system response.

References:

Robert Siegel and John R. Howell, Thermal R_diation Heat Transfer,1972, McGraw-Hill
Inc.,New York, pp. 278-281
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SINDA INPUT LISTING

(COLD CASE)

BCD 3THERMAL LPCS

BCD 3TEST.PC-SINDA

END

C

BCD 3NODE DATA

C

1,70.0,20.0

-99, -320., i. 0

C

END

C

BCD 3CONDUCTOR DATA

-I,I,99,5.142E-I0

END

C

BCD 3CONSTANTS DATA

DTIMEI,0.1

DTIMEH, 0.1

NLOOP, 100

C

TIMEND, 50.0

OUTPUT, I.0

C

ARLXCA,.01

DRLXCA,.01

TIMEO, O.0

DAMPA, 0.5

DAMPD, 0.5

NDIM, 1000

C

END

C

BCD 3ARRAY DATA

END

C

BCD 3EXECUTION

C

F OPEN (3, FILE-" EMLFLT. PLT", STATUS-"UNKNOWN" )

F WRITE (3, 2 )NNT, (NX (LNODE + I ) , Iffii, NNT)

F 2 FORMAT (I6/, 250 (I6, 31X, I6/) )

C

F CALL SNFRDL

C

END

BCD 3VARIABLES 1

END

C

BCD 3VARIABLES 2

END

C

BCD 3OUTPUT CALLS

C

F DATA HT/4HT /

C

F WRITE (3,1) TIMEO, (T(I),IffiI,NNT)

F 1 FORMAT (El0 .3/, 250 (7F9.3/))

C

C

CF

CF

CALL TPRINT

CALL TDUMP
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C

C

C

CF

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

9

$

$

THREE COLUMN OUTPUT ROUTINE, STNDRD

IF (LNODE_ EQ. 0) CALL NNREAD (1 )

IF (ABS (AMOD (TIMEN+0.001,5.0)) .GT. 1.0) RETURN

IF (NPAGE. EQ. 0. OR. NLINE. GE. 56) CALL TP LIN

J-LNODE+NCSGMN

II'NX(J)

IF(J.LE.LNODE) II-0

J-LNODE+NDTMPC

I2-NX(J)

IF(J.LE.LNODE)I2"0

J-LNODE+NARLXC

I3-NX(J)

IF(J.LE.LNODE) I3-0

WRITE(6,9)TIMEN, DTIMEU, II,CSGMIN, 12,DTMPCC, I3,ARLXCC

FORMAT(/,IIH,*****"**''/6H TIME-FI2.5,8X, 8H DTIMEU'IPEI2.5,

8H CSGMIN(I6,2H)-IPEI2.5,/,18X,8H TEMPCC(I6,2H)'IPEI2.5,

8H RELXCC(I6,2H)-IPEI2.5)

NLINE-NLINE+4

C THREE

C

F

F I00

F

F

F

F 5

F

F i0

F I01

F

F

F

F 15

F

F

F

F

F

C

C

C

F

F

F I00

F

C

COLUM'_ OUTPUT ROUTINE, TPRNTX

WRITE (6, I00)

FORMAT (IH)

NLINE-NLINE+I

J-I

L-3

IF(L.LT.NNT)GO TO i0

L=NNT

WRITE (6, i01) (HT, NX (I+LNODE), T (I), I-J, L)

FORMAT (3 (IX,A1, I6, IH-, F12.5, iX) )

IF(NLINE.LE.56) GO TO 15

CALL TPLIN

WRITE (6, I00)

NLINE-NLINE+ 1

IF (L. EQ .NNT) RETURN

J=L+I

L-L+3

GO TO 5

END

THREE COLUMN OUTPUT PAGE ROUTINE

SUBROUTINE TPLIN

WRITE(6,100)

FORMAT(//////////,IX,'GASKI PC-SINDA, THREE COLUMN OUTPUT',/)

CALL TOPLIN

RETURN

END

BCD 3END OF DATA
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SINDA OUTPUT LISTING

(COLD CASE)

(C) COPYRIGHT 1982,1983,1%14o 1933,19|6,1907 J.D.GASKI

$INDA/1987/AMSZ 1.31 NETIgCItJK ANALYSIS A3SOCIATES, INC. - PAGE 1

TEST. PC-SINDA

• * MOTE *** SRFROL REQUIRF.J 3 DYI(AMIC STORAGE LOCATIONS OI]T Or %97 AVAILABLE ***

TIMF, ND* 50.000 , CSGTAC- 1.0000 , DTD41I- 0.10000 o )EGOOP- 100

TIJ_O - 0.00000 , OUTPUT- 1.0000 , UTIMEH.- 0.10000 , DTIMEI,., 0.00000

AR£XCA- 0,10000E-01, ATMPCA-- 0.10000E+09, DRI_CA- 0.10000E-01. UTICA-- 0.10000E+09

TIMB- 0.00000 UTI)(BU- 0.00000E_00 CSGMIN( 0)- 0.00000E+00

TE_CC( 0)- 0.00000E÷00 RELXCC( 0)- 0.00000Z+00

T 1- "70.00000 T 99" -320.00000

• *****

TI_- S.00000 gTIt_U- 1.00000E-01 CSGHIN( 1)- 2.02742E+02

TE_CC( 1)--1.|765a-01 RELXCC( 0)- 0.00000E+00

T 1- 60.26929 T 99- -320.00000

TI_- 10.00000 DTIEZU- 1.O0000E-01 CSGMIN( 1)- 2.12401Z+02

TE_CC( 1)--1.74|55E-01 AELXCC( 0)- O.00000E÷00

T 1- 51.21939 T 99-- -320.00000

****e* *

TI_- 15.00002 DTIt_U- 1.00000[-01 CSGMIN# 1)- 2.21970E+02

TE4_CC( 1)--1.63506E-01 RBLXCC{ 0)- 0.00000E+00

T 1- 42.77158 T 99- -320.00000

TI_- 20.00004 DTI_U- 1.00000E-01 CSGMIM( 1)- 2,31454E+02

TEMPCC( 1)--1,533i4E-01 RELXCC[ 0)- 0.00000E÷00

T 1- 34.85910 T 99-- -320.00000

TI_- 25.00006 DTIPlU-- 1.00000e--01 CSGMIM( 1)- 2.40|55E÷02

TE_CC( 1)--1.44307E-01 RELXCC( 0)- 0.00000R+00

T I- 27.42540 T 99- -320.00000

TIME- 30.00008 OTI_U- 1.00000E-01 CSGMIN( I)- 2.50175E÷02

TEMPt'C( 1)_1.36128E-01 RELXCC( 0)- 0.00000E÷00

T 1- 20.42215 T 99- -320.00000

TIH_- 35.00004 DTI_U-- 1.00000E-01 CSGMIN( i)- 2.59419E+02

TEF_CC( I)--1.2|725E-01 RELXCC{ 0)- 0.00000E+00

T i- 13.40765 T 99- -320.00000
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C.,_qKI PC-SINDAo THIRE.Z COLUMN OUTPUT

(C) CC_YRIC, klT 1982.19a3,1984o 1585,198q_o 15|? J.D.GA.qKI

SINDA/19$?/AN_I 1.31 NITW(:IU[ ANALYSIS _L_S, INC. - PAGZ 2

TZST. PC-,q INDA

TII4Z- 39.99996 D'/'IlaU-- 1.00000g-01 CSGI4IN(

TF.,MPCC ( 1)--1. 21997Z-01 !_LXCC (

T 1- ?.5455_) T 9q) - -320.00000

rl_qB- 44.99985 D'rzI_U-- 1.00000E-01 CSGMIN(

TF.,/C CC | 1)_1.15|3_-01 RIL_C (

T 1- 1.60453 T 9q),- -320.00000

TI/4E- 49.99981 DTZNKD- 1.00000E°01 CSGKIN(

TF.J4PCC ( 1)--1.10241Z-01 RIL_XCC (

T 1- -4.04315 T _9-. -320.00000

, ****ettee*
TI_" 50.00000 I)TI_U" 1.90?351-04 CSGiI41N(

TZ/fCC ( 1) _2,10063E-04 I_._CC (

T 1" -4.04337 T 9_k" -320,00000

1)" 2.G85|6Z+02

0)" 0.00000Z+00

1)" 2.?TGelZ+02

0)- 0.00000_÷00

13- 2.|6705E+02

0)- 0.00000_+00

11- 2,86815E+02

0)- O.O0000E+O0
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SINDA INPUT LISTING
(HOT CASE)

BCD 3THERMAL LPCS

BCD 3TEST. PC-SINDA

END

BCD 3NODE DATA

1,0.0,20.0

-99,-320.,i.0

END

BCD 3CONDUCTOR DATA

-I,I,99,5.142E-I0

END

BCD 3CONSTANTS DATA

DTIMEI,0.1

DTIMEH, 0.1

NLOOP, 100

TIMEND,25.0

OUTPUT, I.0

ARLXCA,.01

DRLXC_,.01

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

NDIM, i000

END

BCD 3ARRAY DATA

END

BCD 3EXECUTION

OPEN (3, F I LEffi"EMLFLT. PLT", STATUS-"UNKNOWN" )

WRITE (3,2) NNT, (NX (LNODE+I) , I-l, NNT)

2 FORMAT (I6/, 250 (I6, 31X, 16/) )

CALL SNFRDL

END

BCD 3VARIABLES 1

C

C INPUT NODE 1 HEAT LOAD

Q(I)-50.0"3.413

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

WRITE(3,1)TIMEO, (T(I),IffiI,NNT)
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F

C

C

C

CF

CF

C

C

C

CF

CF

F

F

F

F

F

F

F

F

F

F

F

F

F

I FORMAT(EI0.3/,250(7Fg.3/))

CALL TPRINT

CALL TDUMP

THREE COLUMN OUTPUT ROUTINE,STNDRD

9

S

S

IF(LNODE.EQ.0)CALL NNREAD(1)

IF(ABS(AMOD(TIMEN+O.0OI,5.0)).GT.I.0)RETURN

IF(NPAGE.EQ.0.OR.NLINE.GE.56)CALL TPLIN

J_LNODE+NCSGMN

II-NM(J)

IF(J.LE.LNODE) IIm0

J-LNODE+NDTMPC

I2-NX(J)

IF(J.LE.LNODE)I2-0

J-LNODE+NARLXC

I3_NX(J)

IF(J.LE.LNODE) I3_0

WRITE(6,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC,I3,ARLXCr

FORMAT(/,IIH,****'*****/6H TIME-FI2.5, SX, SH DTIMEU=IPEI2.5,

8H CSGMIN(I6,2H)-IPEI2.5,/,18X,SH TEMPCC(I6,2H) =IPEI2.5,

8H RELXCC(I6,2H)'IPEI2.5)

NLINE-NLINE+4

C THREE COLUMN OUTPUT ROUTINE, TPRNTX

C

F

F i00

F

F

F

F 5

F

F I0

F I01

F

F

F

F 15

F

F

F

F

F

C

C

C

F

F

F i00

F

C

WRITE (6, I00)

FORMAT(IH )

NLINEmNLINE+ 1

J=l

L_3

IF(L.LT.NNT)GO TO i0

L=NNT

WRITE(6,101) (HT, NX(I+LNODE),T(I),I=J, L)

FORMAT (3 (IX, AI, I6, IH=, FI2.5, IX) )

IF(NLINE.LE.56) GO TO 15

CALL TPLIN

WRITE (6,100)

NLINEINLINE+I

IF (L. EQ. NNT) RETURN

J_L+I

L=L+3

GO TO 5

EN[_

THREE COLUMN OUTPUT PAGE ROUTINE

SUBROUTINE TPLIN

WRITE(6,100)

FORMAT(//////////,IX,'GASKI PC-SINDA, THREE COLUMN OUTPUT',/)

CALL TOPLIN

RETURN

END

BCD 3END OF DATA
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SINDA OUTPUT LISTING

(HOT CASE)

(C) COPYRIGi_ 1982.191_.1MM,19_i,I_M,1N7 J.D.O/Lqn"l
SnqDAjl 9f'//,AN$11_! MB'TWqOIU[ANALYSIS ASSOCIATB,$. _TC. - par'm1

TI_T.PC-$1NDA

***NOTIR***_I_ 3DYNAMIIC_IJOCA_OUTOP 9_AVAtA/IIJ***
'HMENDm Z,q.CO0 .CSGPAC- I,£000 ,DHMRIm 0.I0000 .NL,O0@,= I00
TnVlEO,a0.00G00 ,OUTPtrrg 1.0000 ,_ 0.|0000 ._0,00_00
ARI.XCAm 0.1000C_01, k_ 0A0000B,*,_*. Di_,XCAm 0.I 0000_01 , DTMPCAm 0.1000CIB+O$

TIMM.- 0.0_00 ccrI1MMUm0.00000E+_O CSOMI_ 0)m 0.0O01M_O
0),,0.0C000B,00RI_O_ 0),,, 0.00000B,,O0

T 18 0.00000T 9gm-320.00000

1.00000 lYrlIMEI.Tm1.00(MOR_I CSGMD4( l)= 2.70152,B44Y/
I),,,?'423,NB01 itSL,_CX:g 0y,,, 0.000a_.,O0

T la 7.1Jr751 T Mira -320.00000

,omooooomoo
2.00000 lYrl]k,IBUa 1.000CCB_I CSGMKM( l)m 7...q9451B*.02

T l= 14._1131 T _m -320.0G000

'TIMI_ 3.00000 _m I.(M000_01 (_0MIN( 1)1, ZA.9,t07B+02
l)m 7.1647t_-01 I_.I._C_ 0)m 0.000COE_

T I= 21.1D960T 99m *$_

,e*********o

4.00000 DTIMBU= 1.0aMOB.01 CSOMD_T( 1)- 2.39974R._2
1),,, 7.0813(i.01 RRI.XC(X 0),,, 0.0000_+00

T 1* 2JLg_t T ggm -320_00_0

.oooo*o*@o,,
$.00GGO 171'IMHU= l.Oa)OO_Ol (_IN( 1)1. 7._IIGgB+02

1),= 6.9951_..01 RELXC(Z 0)- 0..000008._O

T I= 35.99"_0 T 99,*-320.G_GO

6.00000 DTI_MUm 1.0_000B-OICSGIvlIN( l)m 7._111+02

T I- 4Z735r30 T 99=-320_0

oooo.oooo.

7.00000 _= 1.00000B-01 CSGMIN( 1)- 2.1492_..*O2
TEidlaO_ I)m 6.81.q(P)B.O1 I_I..XL'_3{ 0_ 0.00000E+O0

T I= 49.79365 T 99m -320.000G0
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Oa.S KI POSllq£_ _ _ ot.rT1M_

I(C30DFYI_JGHT I_I23N3.1_.ISL5.1_.lSW7 J.D.GA.SE
SINDA/191rllANS1 L31 NETWOIU[ ANALYSIS A3,SOO_TES, _ - PAGE 2

TESTJ_-S_DA

eoooeoooee

7.99999 _, 1.000()_.01 (3GbiD_( 1)- 2.0"_38R+02
I),,,,&72.1338-01RRLXCC( 0),,, _.*.G0

T 1,, M,5.5939 T 99= .320.0G000

oeeoeoB, ooo

TIIt4E- 9.00_0 DTD,IU- 1.0C_G08-01_ I)- 7.005"_8_

I).6._2.518S.01lqJLgC_ 0_ 0.000C_B_00

T 18 63.22809 T 99,,,-3"m._O00

eeeeoeoooo

10.00_0 _u 1.d_0_E-01 CSOMD_ 1)- 1.9401")'E-,_2
TI_ 1)m 6..5_'7_1 RIKL_ 0)= 0.000COB_0

T I- 69.?9938 T 99,,-320_0000

eeooeoeeee

Tllrt4sm ll.00001 _,I.fX_(X)E..01CSOMI_ 1)- IJF'_2St84.O2

1),,£4_618B-01 IqSLXO_ 0'p _+00

T Is 76.27G94 1" 990 .320.0G_0

,eoeoeoeees

TIME,, 17.00(]O1 _,,, 1.00(X)0E,..01 CSGMIN( 1)" 1.819_8+02
T_ I)= 6.32353K-01RKLXC_ 0),= 0.000_..,410

T le 82.64075 I" _-320.1XB00

*eeeeee***

TI_ 13.00001 D'_= 1._1 CS(]_41N( I)= 1.7647_4_2

I)- CL218S_8-01N[IJ(O_ 0)- (_00_X_*00

T I- 88.90680 T 99,, -320.(]GOG0

ooeeeoeoeo

14.00(]02 _= I.O00()OE-O! (_Ggdil_ 1),,, 1.712_8E+02

TI_ I)=6.11257E-01RIII.XC'_ O_ O.OCG(_R4.00

T 1- 95.06"738 T 99,, .320.000_

eeseoeoeee

15.00Gr2 _,, 1.000008-01 (_KtMIN( 1),,, 1.663,1_E.*.02

D,,,6._O45"m-01 REI..XC1_ 0),,, 0._(X)0E,00

T 1,, 101.12070 T 99,, .320.0(_00

.•• •eeee*••

TIM;E= 16.00002 D'rn_E[U= 1.00000G-OI CSGMIH( 1),, L61(#_E,,.02
1),. SJ_f_S-OI RELXCC_ 0),, 0.0G)0OB+(]O

T 1- 107.0M90 T 99,, .320.(X)G_
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GA-5ICIPC-5 INDA,, Tl-flqKR COt_ OtrTlqTT

I(C)COP_G;4'r 1_F/.Ig113.1_.l_.lgt6.1_m7 I.D.O._KI
S_'DAI1NTIANSI 1.31 NH'rWONE ,ANAL,YSnt A_qSOClATHS, INC. - PA rm 3

TRST_C_SD_C_

eoeeoooooo

17.00003 DTD_Ui l_00ai.01 CSGba_ 1)a 1_291s_4_2
'rubfc_ 1),, 5.7839_8-01 l_81..xcc_ 0)- o.oooooG,,oo

T la 112,J19890 T 99m ._

oomooomeme

IL00003 _m 1.00000_01 CSGMIN( l)m i.q31_"_02
"r_ l)m $,6717SK-01 RISLXC(_ 0)m _4,,00

T I= II|.'_9120T g_ -T_0.0CO00

ooe_ooeoo

19.00004 _m 1.0(X_Gm-OI CSGMnq( l)m I.A,9183E4'02

•n_ t). 5.s_4_-oI RN_XCC( 0).

O_O00OB.00

T 1,n 124.23080 T 99m -320.00000

eemooeeoom
TDdBm _00004 D'I'INEU= 1.00000_-01 CS(]_41N( l)m 1_48B4_2

1_ 5_2_-01 RN_XC_ Ok* 0._0_C_0

"i" 1= 129.72650 T 99= -3_0.0_

,oe_ooeoeoe

Ti_4O_ 21.00004 _m 1.000008-01 t'_GMI_( 1)_ 1.4.1911E'_2

I)" 5..32g_4R-Ol Iq/81_CC_ 0_ 0.000a_'*00

T ]m 135.10'750 T 99= -320.0_000

eoo_mmeooo

Z2.0000_ _m 1.000a_.Ol CSGMIN( l)m l_8_.qllE4-02
l)m $.213(_B.01 RRI_CCI_ 0)m 0.00000E+00

T lm 140.3'7330 T _ -320.00000

e,eeeeeee, oo

TCV_.m 23.00005 _= 1.00000E-.01 CSGMIN( 1)_ 1_35379E._2
l)m $.09'7_9E.01 REI.,XC'_ 0)m 0.00000_.0._0

T 1= ldl.$..q2310 T 99= -3"_.00C00

eeoeooosme
m

TI_V_Sa 24.00006 _8 1.00000E-01 CS43M1_( l)m 1.3Z36_I.R_2

lira 4.981_4.R-01 Iq_I.XC_ 0)m 0.00000_+00

T lm 1.q0._5680 T 99m -32CI.00000

oemooomomo

'Til_a_ 23.00000 _'eg.99_I3E-O2CSG1HIN( l)m l_fi+02

I)",4JI6190E-OI REI..XC'C( Ok" 0.000001E+O0

T lm 155.47370 T _ -320.00000
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CHAPTER 2: STEADY STATE AND TRANSIENT RADIATION

SECTION 2: Simplified Spacecraft Orbiting the Earth.

ANALYSIS CODE: TRASYS

I TRASYS Description

TRASYS is a program based in FORTRAN that is used for radiation thermal analysis. It is
useful for predicting radiation form factors between geometrically complicated surfaces.
With the form factors and surface areas that TRASYS calculates and surface property data
that is input to the program, it will calculate gray body factors and radiation conductors
called RADKs, that axe directly input to SINDA to solve for temperatures. For orbiting
spacecraft TRASYS calculates direct incident and absorbed heat rates. The following
example demonstrates many TRASYS capabilities.

II. Problem Statement

Calculate radiation conductors and absorbed heat fluxes for a simple spacecraft in a circular
earth orbit at an altitude of 200 nautical miles. The spacecraft is oriented toward the sun at
all orbital positions. The Beta angle, or the angle between the sun vector and the orbit

plane is 52 degrees. Figure 1 shows the simplified spacecraft geometry and node numbers
associated with each surface. Figure 2 shows the orientation of the spacecraft and orbit
description.

2

,0

-I9
5

/

8

3 7 [J

6

Figure 1. Spacecraft Description

Longitude of

Ascending NOd_ I ,/__

_ I Vector

Figure 2. Orbit Description

The body of the spacecraft is a 1 ft x 1 ft x 2 ft box with two solar arrays each 1 ft x 2 ft
Surface properties are given in table 1.
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SurfaceDescdotion Node bbsorptiviw

Body, Top Face
Body, Strbrd Face
Body, Front Face
Body, Port Face
Body, Back Face
Body, Bottom Face
Port Solar Array, Front Face
Port Solar Array, Back Face
S_brd Solar Array, Front Face
Strbrd Solar Array, Back Face

1 0.2 0.6
2 0.2 0.6
3 0.2 0.6
4 0.2 0.6
5 0.2 0.6
6 0.2 0.6
7 0.8 0.8
8 0.8 0.8
9 0.8 0.8
10 0.8 0.8

Table 1. Spacecraft Surface Properties

III. TRASYS Model

Given the statement of the problem, a TRASYS model was written to determine form
factors, radiation conductors, and orbital heating rates. The model consists of the Options,
Surface, and Operations data blocks. The options data block consists primarily of input
and output information. All the geometry and surface property information is contained in
the surface data block. In the operations data block, calls are made to the solution
subroutines. The model includes calls to subroutines that generate a node plot file,

calculates form factors, gray body factors, RADKs, describes the orbit of the spacecraft,
and calculates absorbed heating rams. A listing of the TRASYS input deck which will run
on the F_ADS IBM/CRAY is shown below. The file name for the input deck is

HBKG197 . TRASYS .DATA (NOTEBK) •

TRASYS MODEL LISTING

HEADER OPTIONS DATA

TITLE SPACECRAFT THERMAL

MODEL-SCRAFT

BCDOU

INFO-N

RSO

RSI

HEADER SURFACE DATA

S SURFN-I

ACTIVE-OUT

PROP". 2, .6

TYPE -BOX6

TZ-0.0

TX-0.0

TY-0.0

Pl-l., I.,2.

NNX-I

NNY-I

S SURFN-7

ACTIVE-BOTH

PROP-. 8, .8

TYPE=RECT

ROTY--90.

TZ-O.

TX-.5

TY-I.

RADIATION MODEL

2-2-2



PI-2.,I.,0.

NNX-I

NNY-I

S SURFN-9

ACTIVE-BOTH

PROP-.8,.8

TYPE-RECT

ROTY--90.

TZ-0.

TX-.5

TY--I.

PI-2.,1.,0.

NNX-I

NNY-I

HEADER CORRESPONDENCE DATA

HEADER OPERATIONS DATA

BUILD SCRAFT

CALL NDATAS(I,'ALL',0.2,'NO','NO')

L NPLOT

CALL FFDATA(.05,.I,'SHAD',I5.,I.E-6,'YES','TAPE','NO',0.,0.)

L FFCAL

CALL GBDATA('BOTH',0,'FF')

L GBCAL

CALL RKDATA(0,'NO',.001,1,'SPACE',9999,0o,I.,'TAPE',0)

L RKCAL

CALL ORBITI('EAR',90.,0.,52.,0.,6080.*200.,0.,0.,0.,0.,0.)

CALL ORIENT('SUN',I,2,3,0.,0.,0.)

ORBGEN INER, 0.,360.,8,AQ,NO,0.,I

CALL QODATA(0,1,'YES',0,1.,1.,1.,'BOTH',0)
L QOCAL

END FILE NUSERI

END FILE NBCDOU

END OF DATA

The data that is used directly in SINDA is written in the BCD file. The RADKs, absorbed
heat rate arrays, and interpolation subroutine calls for absorbed heat rates are all Listed in the
output file HBKG197.TRASYS.OUT(BCD). The data is in SINDA format and may be
directly inserted into the SINDA model. The following is a listing of the BCD file.

CSg./tD

TRASYS BCD OUTPUT LISTING

1, 2, 9. 2.7$73|E-105

2, 2o 10. 2.75738E-105

3, 4, 7, 2.75738E-105

4, 4. I, 2.75738g-i05

5, 7, 0. 2.45485E-II$

6, 9, 10, 2.45485E-115

7, 1. 9999, 1.02780E-09$

$, 2, 9999, 1.49031E-095

9, 3, 9999, 2.05560E-09$

10, 4, 9999, 1.49031E-098
11, S, 990, 2.05560g-095

12, S, 9999, 1.02780E-095

13, 7. 9999, 2.41596E-098

14, , 8° 9999° 2.41596g-095

15, 9. 9999° 2.41596E-095

16, 10, 9999, 2.41596E-095

15 TIEB ARRAY

0.00000g+00, 1.35999E-01, 1.36|'19E-01, 1.91341Z-01° 3.82682E-01

5.74022E-01° G.28SI4E-01, G.29364E-01, 7.65363E-01, 9.56704E-01

1.14804E+00° 1.33939E+00, 1.53060E+00

ENDS
25 HEAT RATE ARRAy FOR NGOZ 1

1.36310g÷01° 5.70977E+00, 5.70977E+0Q, 3.64319E+00. 8.08929E001

3.64319E+00, .5.70977E+00, 5.709'77E*0Qo 1.36318E+01, 3.38409Et01

4.51486E+01, 3.30409g+01, 1.36318g+01

ENDS

35 HEAT RATE ARRAY FOR NODE 2

3.09967E+01o 2.56680E+01, 2.27777E+01o 2.01222E+01, 1.01752E÷01

6.53735g-01o 5.17392E-01, 3.4Q764E+00, 3.30913E+0Q. 5.69426E+00

1.66761E+01, 3.21602E+01o 3.Q9967E÷01

45 MEAT RATE ARRAy FOR MODE 3
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C.5FJ_

H

H

M

M

M
M

_4
H

M

C.SE.HD

9.93421E+01, 1.06C_21E+02, 2.08211E÷01, 2.370|2E+02, 2.85956E÷01

2.37012E+01, 2.08211Z+01, 1.06G21E÷02, 9.93421E+01o 9.29197E+01

|.9731SE+01, 9.2919'T1_+01, 9.$3421E÷01
ENOS

55 [']ZATRATEAMR_.TFORNGOZ 4

3.305138÷00° 3.40764Bt00, $.173_E-01o &.5373SE-01, 1.01752E+01

2.01222B_01o 2.277771i+01, 2.566S0E_01, 3.09H?E÷01o 3.21_02E+01
1._t_?(1E_'q)l, $.6H2i1_+00, 3.30913E÷00

(8 _ RAll Ntl_y FOR MGOB 5

1.2$SSSE÷0X, ?.lg193K+00. ?.1S193E+000 5.4?404E+00, 2.10176E+00

$.47404K+00o ?.15193K+00, ?.19193Z+00, 1.2$$51W.÷01. 2.89220E_01
3.80415Kt01, 2.89220K+01, 1.29556R+01

ZXO8

1.3631|E_01, 2.3223EE+01, 2.32236E+01, 2.69509E+01o 3.30542E+01

2.&9509E÷01, 2.322361[+01, 2.32236E+01o 1.3631|E_01, 4.46827Z÷00
1.03095E_00, 4.4602"/'8+00, 1.3631|E÷01

85 HEAT P, ATKARRAYLrOR_K ?

3.54313K+02, 3.62014_÷02o 1.72706E+01, 2.26450E+01, 3.39721E+01

3.29420E+01, 2.9732S1÷01, 3.74476Z+02o 3.SE962Z+02, 3.63M?lZ+02

3.55089K+02, 3.5138i_÷02, 3.$4313K÷02
ZXDS

98 HB.ATIq,_TBA.lqRAyFORK(_E $

9.&7260E÷00o 4.93665E+00, 3.352?7E+00, 3.2G18SE÷00, 4.297|0E+00

9.09015E+00, 1.1_17tE+01, 1.31G10E+01, 2.141S2E÷01, 5.85251E+01

?.01351E+01, 3.$0261_,+01, 9.572SOE+00
_,qO$

108 J_.ATIqATEARMAYFORN(_K 9

3._2E÷02, 3.744_4_+02° 2._7325E÷01, 3.29420E_01, 3.39721E+01

2.2_450E÷01, 1.?2701;_+0t, 3.62014B÷02, 3.54313_÷02, 3.5138_E+02
3.55085|+02, 3.63871E+02, 3.6&gif2E+02

_,,rOS

115 I'W..ATRATZARRAYFORMOOE 10

2.14152K+01, 1.31610E+01, 1.1G171_+01, _.0901SE÷O0, 4.29_J0E+00

3.26185E_00o 3.3927"_÷00, 4.93665Z+00, _._?2SOE+00, 3.9025_E_01
?.01351E+01, 5.05251E+01, 2.14152E+01

_ND$

DA.1.1J4C | 1.530 _03 ?_+ 00, TZ,'_J,I, A 1, A 2, 1.0000Z+00, Q

OAI 1J(C (1 - 530 li;0371_+00, TZF_H, A 1,A 3, 2. 0000_÷00, Q

DA11NC (1. S3O lI037_-+00, T_)fJt, A I,A 4, 2.00O0E','00 oQ

DAllJ4C 41. 5306037E÷00, TZI_N, A I,A 5, 2.0000E+00oQ

DAllRC 11. 5306037E÷00, TXm. A loA 6, 2. O000E+00,Q

DA11RC 11. 53011037E+00o TXN_H, A loA 7, 1.0000E+00,Q

DA]. 1NC ( 1. 5301f0371+00, TIM_JI, A I,A 8, 2. 0000E÷00,Q

DAJ. 1RC ( 1. 530_03";!_+00, T_FEJ(, A X,A 9, 2. O000_.00, Q

DAI 1HC ( 1. 5304;037E+00, TZN_[, A 1,A 10, 2. 0000E_-00,Q

DAI 1)tC ( 1. $306037E_00, TZNEN, A 1,A 11, 2. 0000E+00, Q

O 1- 1.84215_)73E;÷01, 1.00000000_+00

Q 2- 1.S1440_83K÷01" 2.00000000E+00

O 3-- "/.33552320E÷01" 2. 00000000E+O0

O 4- 1.514i_234qK÷01" 2.00000000E+00

O S* 1.688114121E+01" 2.00000000E+00

Q 6- 1. 55374595E+01" i. 00000000E+00

Q ?" 2. 53387"/10_'+02 * 2. 00000000E÷O0

Q l-- 2. li194$113E+0X* 2. 00000000E÷00

O 9., 2.S3386705E÷02" 2.00000000_t+O0

Q 10-- 2. 6893311&E+01"- 2. 00000000_,+00

1)S

3).5

4)$

5)$

_)$

?)$

|)$

S) $

10)$
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The geometry may be verified by plotting the nodes using the plot file created with calls to
NDATAS and N-PLOT. Figure 4 shows the 3-D view of the node plot.

Plot healer: i

Y

s

/

s

x

view =

Figure 4. TRASYS Node Plot

IV. FORM FACTOR CALCULATIONS

The Form Factor, Fij is def'med as the fraction of radiation leaving surface i and is

intercepted by surface j. The Form Factor between surfaces 7 and 4, for example, is
estimated as follows.

For two areas Aj and A i the Form Factor between them is given by

f,f,_ cos0i coseJdAidA j
Fij = _ii _R 2

(I)

2-2-5



Figure5. FormFactor Nomenclature

cos07- Y

_/x 2 + y2 +(Zl_Z2)2 (2)

COS04= x
a/X 2 + y2 +(ZrZ2)2 (3)

R 2 = x 2 + y2 +(zl.z2) 2 (4)

Substitution of (2), (3) and (4) into (1) gives:

Y
x

I f_ xy dxdydzldz2(x 2 + y2 +(zl- z2)2) 2

1

On the following pages this integral has been solved numerically with a FORTRAN

program called FFAC.
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FORTRAN CODE LISTING

I01

P ROGKAM FFAC

REAL*8 X,Y,ZI,Z2,DX, DY, DZI,DZ2,TI

REAL*8 XI,YI,ZlI,Z2I,XF, YF, ZIF, Z2F,FF, FFI,FFIJ, FFJI

INTEGER NODEX, NODEY,NODEZI,NODEZ2,II,IJ, IK, IL

INPUT VALUES OF CONSTANTS

XI-0.

YI-O.

ZII-O.

Z2I-0.

XF-.5

YF-I.

ZlF-2.

Z2F-2.

NODEX-60

NODEY-60

NODEZI-90

NODEZ2-90

CALCULATE DELTA X,Y,Z

DX-(XF-XI)/FLOAT(NODEX)

DY-(YF-YI)/FLOAT(NODEY)

DZI-(ZlF-ZlI)/FLOAT(NODEZI)

DZ2-(Z2F-Z2I)/FLOAT(NODEZ2)

PERFORM INTEGRATION

FF-0.

FFIm0.

TI-0.

Z2mZ2I+DZ2/2.

DO 4 II-I,NODEZ2

Y-YI+DY/2.

DO 3 IJ-I,NODEY

ZI-ZlI+DZI/2.

DO 2 IK_I,NODEZI

X-XI+DX/2.

DO 1 IL-I,NODEX

DUM-ABS(ZI-Z2)

FFI-X*Y*DX*DY*DZI*DZ2/((X**2.+Y**2.+DUM**2.)**2.)

FF-FF+FFI

X-X+DX

ZI-ZI+DZI

Y-Y+DY

Z2-Z2+DZ2

XmX-DX

Y_Y-DY

ZI-ZI-DZI

Z2-Z2-DZ2

FFIJ-FF/(3.1415*(ZIF-ZlI)*(XF-XI))

FFJI-FF/[3.1415*(Z2F-Z2I)*(YF-YI))

OUTPUT RESULTS

OPEN (6, FILE-'FFAC.OUT')

WRITE(6,101)XI,XF, ZlI,ZIF, YI,YF,Z2I,Z2F

WRITE(6,102)NODEX, NODEZI,NODEY,NODEZ2

WRITE(6,103)X,Y, ZI,Z2

WRITE(6,104)FFIJ, FFJI

FORMAT(10X,'DOUBLE PRECISION',//,10X,'INITIAL, FINAL VALUES',/,

*IOX,'SURFACE I XI,XF = ',FI0.2, ',',5X, FI0.2,/,

*fOX,' ZII,ZlF = ',FI0.2,', ',5X, FI0.2,/,

*IOX,'SURFACE J YI,YF = ',FI0.2,',',5X, FIO.2,/,
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"10X,' " Z2I,Z2F s ',FI0.2,', ',5X,FI0.2)

102 FORMAT{/,10X, 'GRID INFORMATION',/,

*IOX,'SURFACE I NODEX - ',I4,' NODEZI - ',I4,/,

*IOX,'SURFACE J NODEY - ',I4,' NODEZ2- ',I4)

103 FORMAT(/,10X,'CURRENT VALUES AFTER INTEGRATION',/,

*IOX,'SURFACE I X = ',FI0.2,/,

*IOX,' Z1 - ',F10.2,/,

*IOX,'SURFACE J y - ',FI0.2,/,

*I0X, ' Z2 - ',FI0.2)

104 FORMAT(/,10X,'FORM FACTORS FF(I,J) - ',FI0.6,

*/, . FF(J,I) - ',FI0.6)

CLOSE(UNIT'6)

STOP

END

FORTRAN CODE OUTPUT (40 By 60 Nodes)

DOUBLE PRECISION

INITIAL, FZNAL VALUES

SURFACE I XI,XF = .00,

ZII,ZIF " .00,

SURFACE J YI,YF = .00,

Z2I,Z2F = .00,

.50

2.00

1.00

2.00

GRID INFORMATION

SURFACE I NODEX = 40 NODEZI = 60

SURFAC_E J NODEY - 40 NODEZ2 = 60

CURRENT VALUES AFTER INTEGRATION

SURFACE I X = .49

Z1 = .99

SURFACE J y = 1.98

Z2 = 1.98

FORM FACTORS FF(I,J) = .341843

FF(J,I) = .170921

FORTRAN CODE OUTPUT (60 By 90 Nodes)

DOUBLE PRECISION

INITIAL, FINAL VALUES

SURFACE I XI,XF = .00,

ZII,ZIF " .00,

SURFACE J YI,YF - .00,

Z2I,Z2F s .00,

GRID INFORMATION

SURFACE I NODEX - 60 NODEZI = 90

SURFACE J NODEY = 60 NODEZ2 = 90

CURRENT VALUES AFTER INTEGRATION

SURFACE I X = .50

Z1 = .99

SURFACE J y = 1.99

Z2 = 1.99

FORM FACTORS FF(I,J) = .339128

FF(J,I) = .169564

.50

2.00

1.00

2.00
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Ve ALTERNATE SOLUTION OF FORM FACTORS

The integral on the left hand side of (1) has also been solved in a number of heat transfer
textbooks as follows:

7

-,4--1. ft _ H=z/x

z _ W=y/x

Y

Figure 6. Surface Orientation

_.L( (('+w_)('+"_)P._w_(__+w_+H_)I"F"_(I+r_+w_):II

For the spacecraft,

+ + 2 2 "252-_11n/(1+'52)(1+'252)[ "52(1+'52 "252)]'s2r "252(1+'25 +'5)1 t)

g'514 _ i+.'_+ .-_ _(1 +_._ + .2-_J _(1 + .252].252 + .52)J J/

=-_5 0.5536 + 0.3315- 0.5590 * 1.0611 + ¼1II [J_J_0"3281]0"25_0"082]0"0625t)• [ 1.3125L0.3906J L0.332J I

F74= 0.1669

Form factors were calculated in a number of different ways. Table 2 lists the methods
used, the calculated form factors and the percent error assuming the exact solution has no
error.
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IBM PC FORTRAN

Single Precision
Nodes 20x30

IBM PC FORTRAN

Single Precision
Nodes 40x60

IBM PC FORTRAN

Single Precision
Nodes 60x90

IBM PC FORTRAN
Double Precision
Nodes 40x60

IBM PC FORTRAN
Double Precision
Nodes 60x90

VAXTRASYS

CRAYTRASYS

E_ctSdufion

Fact 

.1750

.1693

.1565

.1709

•1696

.1813

• 1669

•1669

% Error

4.849

1•470

-6•236

2.415

1.602

8.621

0.023

0.0

Table 2. Summary of Form Factor Results

VI. RADK HAND CALCULATION

Radiation exchange between two surfaces is given by the following equation:

q74 =
l-ca ). .L_._ + 1-E7

E4A4 A7F74 E7A7

SINDA cannot numerically solve this nonlinear equation; consequently, the radiation

exchange is written as:

q74- G(T7- T4)

where:

(3 = OE4e7F74A7(T7 + T4)(T 2 + T2),

In SINDA,
RADK =O_ET_4A7

and RADK, between surfaces 4 and 7, in the spacecraft model, is given by
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andRADK, betweensurfaces4 and7,in thespacecraft model, is given by

or RADK = OE4e7F74A7 = (0.1713E-8)(0.6)(0.8)(0.16693)(2.)

RADK ---2.745 E-10.

VII.
DETERMINATION OF FLUXES AND HEAT RATES

Defaults for the flux constants are as follows:

Planet Albedo PALB = 0.3

Planetary Diffuse Emissive Power WDS

Planetary Specular Emissive Power WSS

Solar Constant SOL

_B.m__
= 75.1 hr.ft2.F

=75.1
hr-ft2-F

= 429. __B.lg__
hr-ft2-F

Since the spacecraft is sun-oriented the solar flux is equal to the solar constant on the sun-
facing sides 3, 7 and 9. Figure 7 shows the direct incident fluxes on surface 3 with a

longitude of ascending node equal to 90 ° and a sun oriented spacecraft. Figure 8 shows
fluxes for an earth oriented spacecraft and figure 9 shows fluxes for an earth oriented
spacecraft and longitude of ascending node equal to 180 °.

450

Direct Incident Fluxes on Surface 3
Sun Oriented

Longitude of Ascending Node = 90

400

350

300250

200

150

100

50

0

=======================================================================================================.......................
......i.... i f i i [---o-P,anet

j ! i ................
. i i i J ...................7..... --.---'-,----.Sof_,-

......._....................i....................i.........._...................... i [

0 90 180 270 360

True Anomaly (degrees longitude)

Figure 7. Orbital Heating Rates For Sun Oriented Spacecraft

I
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Direct Incident Fluxes on Surface 3
Earth Oriented

" Longitude of Ascending Node -- 90

! P ! ! _ i ! I

_0 ......j_...i:ri.............._!...............i_-i....i!........_i...............F!..............,t--_+_'_°_,I............................................................................I A_o2
/! ) ) i )! ) ) I ....-_:_---Sol_r2

--/--_--!............._..............i---_-i--_..............i............_............i...........-I

.-._o/..-_-.i.............-.i_..............i.-_-----_---_...............,.............i............i-_...........

_o........!...................................i.......
_ _ __-! ............t..............i............

-2o t t i i i t l t

0 45 90 135 180 225 270 315 360

True Anomaly (degrees longitude)

Figure 8. Orbital Heating Rates For Earth Oriented Spacecraft

Direct Incident Fluxes on Surface 3
Earth Oriented

Longitude of Ascending Node = 180

i I I I I I I I |

i i i i ...i...............!................i
_I

14o F...........i........._i_...............i...............i.............i i il .................+,---_,-,_" I
.. r...........i.........iii...............i........._ ..........i...............i-.--;il---l-_-_,u_o_IlOO [- ..........._........)i_...............).............. !...............i----!t--I _Sol_-__

__0. i i i i i ii 1
0 45 90 135 180 225 270 315 360

True Anomaly (degrees longitude)

Figure 9. Orbital Heating Rates For Earth Oriented Spacecraft with ALAN=180 °
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VIII. CONCLUSIONs

This sp_ model _monsu'ams a few of the capabilities inherem in the TRASYS
program. -For complex thermal problems that involve radiation exchange and orbital
heating, TRASYS has become the standard for creating SINDA compatible radiation
conductors and orbital heating rates. The program resides on the VAX and the IBM/CRAY
systems here at MSFC. The closed form solutions such as the textbook equations for form
factors or numerical solutions may b¢ used to verify TRASYS results. The IBM/CRAY
system appears to have the most accuracy and shortest run time of the different versions as
shown in table 2.

The following is a listing of the processor output that is written to
HBKG197.TRASYS.OUT(POUT) for this example. It includes the information that will
help determine ff the correct values were passed in the subroutine calls as well as listing the
results.

TRASYS MODEL OUTPUT LISTING

TTTTTTTTTTTTT

TTTTTTTTTTTTT

TT TTT TT

TTT

TTT

TTT

TTT

TTT

TTTTTTT

THERMAL

RRRRRRRRR

RRRI_RRRRR

RRR RRR

RRR RRR

RRRRRRRRRR

• RRR RRR

RRR

RRR RRR
RRR RRRR

RADIATION ANALYSIS

FORTRAN-77 VERSION

AAAA/_A

AAAAAAA_

AAA AAA

AAA AAA

AAAAAAAAAAA

AAA AAA

AAA AAA

AAA AAA

AAAAA

SSSSSSSSSS

SSSSSSSSSSSS
SSS SS

SSS

SSSSSSSSSS

SSS

SS SSS

SSSSSSSSSSSS

SSSSSSSSSS

SYSTEM

TRAS YS

YYyy YYYY

YYY YYY

YYY YYY

YYY YYY

YYYYY

YYY

YYY

YYY

YYYYYYY

PROCESSOR EXECUTION

VERSIOW.MODIFICATION ... P22P

HODIFICATION DATE ...... 080190

DATE Off RUN ............ 071691

TIHE Off RUN ............ 190150

JOB _ER ............. CRAYJOB

1

DATE 071691 TIME 190850 T_ERMAL RADIATION ANALYSIS SYSTEM (TRASyS) FORTRAN 77 VERSION

HI3DEL,'SCR._eT COI_FIG_SCRAFT STZP-N(_Z SPACECRAFT THERMAL RADIATION MODEL

TRASY$ PROC-INITIALIZATZON

END-Off-FILE ENCOUNTERED ATTEMPTING TO READ ISE RECORD ON 2rid FILE OF -RSI-

++NOTE++ THE iSt RECORD ON 2rid FILE OF THE -RSI- TAPE IS NOT A VALID RECORD OR NO DATA OW FILE

ASSUMING NO DATA ON RSI. COWTIBUING PER USER RETEST

1

DATE 071691 TIME 190S$0 THERMAL RADIATION ANALySIs SYSTEM [TRASYS] FORTRAN 77 VERSION

HODED-SCRAFT coiqFIG-SCRAFr STEP_I SPACECRAFT THERMAL RADIATION M_OEL

PROCESSING OffERATIOMS DATA

SEQUENCE NODE BCS AREA

1 1 ALLSLK l_0000O

PAG_

PAGE

ALPH EMISS SURF. TYPE ACTIVE ........ COMMENTS ..............

0.200 0.600 RECTANGLE TOP

! I

SSSSSSSSSS

SSSSSSSSSSSS

SSS SS

SSS

SSSSSSSSSS

SSS

SS SSS
SSSSSSSSSSSS

SSSSSSSSSS
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j_

2 2 ALLBLR 2.00000 0,200 0.600 RECTANGLE TOp

3 3 ALLELE 2.00000 0.200 0.600 RECTANGLE TOP

4 4 _ 2.00000 0,200 0.600 RECTANGLE TOP

5 5 ALLBIJK 2.00000 0.200 0,600 RECTANGLZ TOP

6 6 ALLILJK 1. 00000 0. 200 0 • 600 RECTANGLE TOP
7 7 _ 2. 00000 0. 800 0. 000 RECTANGLS BOTTa¢

l | _ 2. 00000 0.600 0.800 RECTANGLR TOP

9 9 ALLELR 2. 00000 0. 800 0. 800 RECTANGLE BOTTO(

10 10 ALLELE 2 . 00000 0. |00 0 . 800 RECTANGI_ TOP

NODE, AREA, AND PRCPERTIE.q ARRAYS HAVE BEEN WRITTEN ON TPJE -RSO- TA_R

BY -SUII,DC- (ACCESS _ - 1)

1
DATE 071691 TIME 1908S0 THERMAL RADIATION ANALYSIS SYSTEM (TRA.qYS) FORTRAN 77

MODZL-SCI_,FT CClfleIG-SCRAFT STEP_I SPACECRAFT THERMAL KADIATION MGOIL

NCOE PLOTTER DATA OUTPUT

VERSION PAGZ 3

NODK pLOTTER

PARAMETER DE_"RIPT$ON OPTION * DEFAULT

NV VIZWNtQ¢_t 1-E 1

IVU VIZW 'ALL' 'ALL'
'3-D'

'X'

'T'

'Z'

'GEN'

SCL SCAIJK FACTOR (3.1S/LARGEST DISTANCE FRCM AUTCI4ATIC

CCS ORIGIN IN USERS UNITS) SCALE

NACT ACTI_rE SIDE ARROW FLAG YES. NO NO

ISNO

ISRLN

ITIT

KOTX.

KOTT.

ROTE,

IROTX,

IROTT,
IROTZ

SHADOME_"'ONLY SURFACE pLOT FLAG

ARRAY M CCmTAINING _ OF NODE_ TO

BE SELECTIVELY P_OTTED

_Y MNtB OF PLOT TITLE

VIEW ROTATIONS (FOR _ - 'GZN')

08E_R OF ROTATIONS (FOR IVU - 'GER')

YES, NO NO

ARRAY NAME PLOTS ALL

NOOr, S

ARRAY NA_ US_ JOB

TITLE

0 : ANG : 360 0.0
0.0

0.0

1.2,3 (ANT ORDER) 1,2,3

• INPUT ZERO FOR I_FAULT ACTICtq

CALLING SEQUENCE-

CALL NDATA (NV, IVU, SCL, NACT, ISNO, ISELE, ITIT, ROTKo ROT_o ROTE, IKOTX, IROTY, IROTZ)

Cm

CALL NDATA.q (NV, IVY, SCL)

NOTE- IF NO CALLa TO NDATA/_ATAN ARE MADE, A CALL TO NPLOT WILL

RESULT IN ALL VIEWS BZING AUTCIqATICALLY SCALED AND GENERATED FOR ALL Na)ES.

I

DATE 071691 TI/_ 190850 THERMAL RADIATION ANALYSIS SYSTEM (TRA.qYS) FORTRAN 77 VERSION

HODEL_SCRAFT CONFIG--SCRAFT STEPPI SPACECRAFT THERMAL RADIATION M(_EL

NODE PLOTTER DATA C_TPUT

VIEW,. 3-D SCALE- 1. 5491 VIEW NIR_ER- 1

VIEW-. Z-AXIS SCALE- 1. 5491 VIEW NUMBER- 1

VIEW- X-AXIS SCALJr, m 1.5491 VIEW NIRCBER- 1

VIEW" T-AXIS SCALE- 1. 5491 VTEW NURSER- 1

1

DATE 071691 TIMZ 190050 THERMAL RADIATION ANALYSIS SYSTEM (TRASTS) FOHTRAN 77 VERSION

MODEL--$CRAFT CONFIG--SCRAFT STEP_I SPACECRAFT THERMAL RADIATION _tOOZL

FORM FACTCR CALCULATIOR LINK.

FORM FACTOP-q AND CO, fRED FORM FACTORS - USE.q INPUT AND DEFAULT PARAMETEP3

VAR[ANLE CURRENT DEFAULT

NA/_ VALUE

FFACC O.0500 0.0500

FFACCS O.1OOO 0.I000
FFNOSN SHAD SHAD

FFRATL 15.0 IS.0

FFMIN 0.1E-05 0.IE-05

FFPRNT YES YES

+_FPNCH TAPE NO -

FFNAC NO YF.._

IFFSPC 0 N/A

IFFDT SCRAFT CONF. NA/,_

DEFINITION

ORIEMTATIOW ACCURACY PA/_TER

SHAD_ING ACCURACY PARAMETER

OVERRIDE SHADOWING PARAMETER

RATIO FOR USING UNIT-SPHERE TEC_IOUE

PARA/_TER TO ELIMINATE SHALL FORM FACTORS

FLAG FOR COMPREHENSIVE FF AND CM PRINT

PARAHETER TO PUNCH FORM FACTORS

FLAG TO CHECK NODE ARRAY AGAINST -RSI-

SPACE NODE NO. FOR CALC. OF FORM FACTOR TO SPACE

CONFIG. NAME FOR FF DATA BLOCK ACCESS

PAG_ 4

PAGE 5

OPTIONS

N/A

N/A

( SHAD, NOSH )
N/A

H/A

( YES, NO, FIF, CM, RE)

(YES, NO)

(YES, NO)

{ IKTEGER NO. )

(ANY CONFIG. N_)
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IFFSHO YF*._ YES FLAG "I_ _TE FON4 FACTOR TO SHADE ONLY NODES (YES. NO)

+ -FFPNCH WILL C_AULT TO -YES- ON CALCULATED VALUES IF THE -RBO- FILE 15 NOT SPECIFIED IN THE OPTIONS DATA BLOCK
I

DATE 071691 TIPm 190|$0 TH_ RADIATION ANALYSIS SYSTEM (TRA.qTS) FORTRAN 77 VI_SION PAG_ 6

MODEL-SCRA/rT CONFIG-SCRA_T ST_PI SPACECRAFT T_ FUkDIATION M_EL

FORM FACTCm CALCULATION LINK.

NODE DATA--

SPECULAR SPECULAR

SEQUENCE NODE AREA ALPH EMISS TRAN |SOL) TRAN {IR) REFL (SOL) _L (IR)

1 1 1.00000 0.200E÷00 0.600E+00 0.000Z+00 0.000E+00 0.000E+00 0.000E+00

2 2 2.00000 0.200E÷00 0.6001÷00 0.000E÷00 0.000E+00 0.000E+00 0.000Z+00

3 3 2.00000 0.200E+00 0.600E+00 0.000E+00 0.000B+00 0.000E+00 0.000Z+00
4 4 2.00000 0.200E+00 0.6006+00 0.000E+00 0.000E÷00 0.000S+00 0.000S+O0

5 5 2.00000 0.200E+00 0.600S÷00 0.000E+00 0.000E+00 0.000S+00 0.000E+00

6 6 1.00000 0.200S+00 0.600S+00 0.000S+00 0.000E+00 0.000S÷00 0.000E+00

? 7 2.00000 0.8006+00 0.$00E+00 0.000E+O0 0.000E+00 0.000S+00 0.000E+00

| 0 2.00000 0.000S+00 0.i00E+00 0.000E+00 0.000E+00 0.000S+00 0.000S+00

9 9 2.00000 O.|OOE+O0 0.000S+00 O.O00Z÷O0 0.000S+00 O.O00S+O0 O.O00S+O0

10 10 2.00000 O.|OOS+O0 0.000S+00 O.O00S+O0 0.000S+00 0.000S+00 O.O00S+O0

NUI4B_R Or NODES - 10 NtqIWBR Or SURFACF.q - i
1

DATE 0?16%1 Tllq_ 190850 THERMAL RADIATION ANALYSIS SYSTEM (TRABYS) FCRTRAN 77 VERSION

HODEL-SCRAFT CONFIG-SCRALrT STEP_I SPACECRAFT THER/BAL RADIATION MOOEL

FORM FACTCB CALCULATION LINE.

NODe I

1

I

DAYS 071691 TIRB 190050 THY.qMAL RADIATION ANALYSIS SYSTEM ITI_YS) FCX_TRAM 77 V_RSION

MODEL_SCRA/FT CONFIG--SCR,_T STEP_I SPACECRAFT TIlL RADIATION MCOSL

FORM FACTOR CALCULATION LINI_

(* -INDICATES FF CALCULATED BY UNIT-SPHERE TECHNIQUE)

(R -INDICATES FF CALCULATED FROM NOOE J TO MODE I BECAUSE NODE J IS SMALLER IN AREA)

(UN-INDICATES UNKNC_ CALCULATION MODE ct_CAUSS OF RSI, RTI, C_q CARD INPUT)

(9.99%999 -INDICATES UNKNCWN DATA VALUE _CAUSE OF INSUFFICIENT CARD INPUT)

(DEV -DEVIATION Otr SUM FROM 1.0 DUE TO FFMIH CONSIDERATIONS AND CO_UTATIONAL INACCURACIES)

MODE I NCOE J COt_UTATIUM rIR(I,J} FIR(J,I) FSOL(I,J)

PAGE

(* -INDICATES FF CALCULATED BY UNIT-SPHERE TECHNIQUE)

(R -INDICATES FF CALCULATED FRC_4 NCOE J TO NODE I BECAUSE NODE J IS SMALLER IN AREA)

(UN*INDICATE qt _ CALCULATION MODE BECAUSE OF R51, RTI, OR CARD INPUT)

(9.999999 -INDICATF,q UNK_ DATA VALUE BECAUSE OF INSUFFICIENT CARD INPUT)

(DEV -DEVIATION Cte SUM FROM 1.0 OUE TO FFMIN CONSIDERATIONS AND CO_UTATIONAL INACCURACIES)

NCIOS J COMPUTATION FIR|IoJ) FIRfJ, I) FSOL(I,J) FSOL(J,I| FF(I,J) SHAD.IR SHAD.SOL CP TIM_

N/S/_ W/SHAD N/SHAD W/SHAD MO/SHAD FACTC_R FACTOR (SEC)

_m SUM -- 0.0000 ROM CP TIME - 0.006

N/SHAD W/SHAD N/SHAD

2 9 CAL 0.166928 0.166928 0.166928

2 i0 CAL 0.166929 0.166925 0.166928

2 FF SUM - 0.3339 ROW CP TIME - 0.103

3 rF SUM - 0,0000 RON CP TINK - 0.003

4 7 CA/, 0.1669211 0.166920 0.166920

4 | CAL 0 .166928 0 .166928 0 .166929

4 I_ SUM - 0.3339 ROW CP TLV_ - 0.102

$ FF SUM - 0.0000 ROW CP TIME - 0.002

6 FF SUN - O. 0000 ROW CP TI/_ - O. 002

7 FF SUN - 0.1669 ROW CP TIME - 0.001

I FIr SUM - 0.1669 ROW CP TIYaB - 0.001

9 FF SUM - 0.1669 ROW CP TIME - 0.001

IMAGE 8

NEI NF.,J

10 FF SUM - 0.1669 ROW CP TIME - 0.000

FSOL(J,I) FF(I,J) S/4_D. IR SHAD.SOL CP TIME NZI NEJ

W/SHAD WO/SH_ FACTOR FACTOR ($EC)

0.166929 0.166920 1.000000 1.000000 0.051 20 195 *
0.166920 0.166920 1.000000 1.000000 0,050 20 195 *

0.166928 0.166928 1.000000 1.000000 0.000 28 195 *

0.166925 0.16692| 1.000000 1.000000 0.0S0 28 195 *

FF FC_tI4 FACTCRB FOR CONFIGURATION SCRAFT HAVE BEEN STORED ON RSO,

LAST RESTART _O NBITTEN - 24

1

DATE 071691 TIME 190050 THERMAL RADIATION ANALYSIS SYSTEM ITRASYS) FORTRAN 77 VERSION

MODSL-SCRAFT CONFIG-SCRAFT STEP--S SPACECRAFT THERMAL RADIATION MOOEL

FORM FACT_ CALCULATION LINR.

PACE 9

IR FORM FACTOR SUMS TABLE

NODE I- FF SUM MODE I- FF SUM NODE I- FF SUM NODE I- FF SUM NOOE I- FF SUM

I- 0.0000 2- 0.3339 3- 0.0000 4- O.3339 5- 0.0000

?- 0.1669 8- 0.1669 9- 0.1669 _0- 0.1669

NOOE I- F? SUM

6- 0.0000
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TOTAL TI/4B FOR FOSN FACTOR SEG/4HNT -- 0.236

TOTAL T_ SZNCR START OF RUN
i

DATE 071691 T_ l_l$0

MOI_L-SCDAFT CQUFIG-eCRAF_ STEP_I

GRAY DODIU COOeUTATION LINK.

0.461

TMERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

SPA(EL'RAFT _ RADIATION 14COEL

VARIABLE CURRENT DEFAULT

NANK VALUE

BOTH BOTH
NFIG_'F St'RAFT CONF.

NFFTTP FF LAST TYPE

CALCULATED

DHDSR NFIGTF

GRAY EKX)IES

DEFINITION

WAVEBAJID DBFTNITION pARAR_TEIq

CURRENT CCINY. MAPl FOR FORM FA_ ACCESS

FON4 P_ TYPE F_t_

PAG_ 10

OPTIONS

(IR, SOL, BOTH)
(ANY CONF. NANE)

(FF, IF. CM)

SCRIPT-FS TO SPACZ _TED IMPLICITLY.

TOTAL TI_4B TO COMPUTE GRAY E_OIES 0.02

l
DATE 071691 TI/4Z 1900SI T_ RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

MOD_L,,-SCRAFT CC_FIG--SCRAFT STEP_ SpA(EL'RAFT THERMAL RADIATION MODEL

RADIATION CONDUCTOR _MERATION LINK.

RADIATION CONDUCTORS

VARIABLE CD_qREHT DEFAULT DEFINITION

NA_4_ VALUE

NFIGGB SCRAFT CONF. NAME CURRENT CONF. NN_ FOR GRAY _OY FACTOR ACCESS

RKPNCH NO YES pUNCH/NO PUNCH PARAMETER FOR RADKS

RKMIN 0.10N-02 0.0001 PARAMETER TO ELIMINATE SHALL P.ADKS

INKC_ I 1 INITIAL RADIATION CONDUCTOR IO NUMBER

RKSP SPACE NO MNPJ40_IC FlAG FOR C_#_UTATION OF RADK_ TO SPACE

IRKNSP 9999 3276T SPACE NODK ID

SIGR_ 0.17E-0J 0.17E-0J S TEFAN-BOLTZMANN CONETAN T

_KA/4PF 1.00 1.00 AREA MULTIPLYING FACTOR

KKTAPN TAPE NO PARAMETER TO OUTPUT TO BCD TAPE

NK_GCO SCRAFT CONT. NA/4_ CURRENT CONF. NAME FOR CORRESPONDENCE DATA ACCESS

RFRA_ 0.7E+00 0.7E+00 SIGNIFICANT RADIATION FRACTION

ETOL 0.990 0.990 DECIMAL FRACTION OF LAST RADK SAVED

_ERN 0 0 E_TIVE RADIATION NODE (ERN) N3JId_EN

i

DATE 071691 TIME 190851 THERMAL RADIATION ANALYSIS SYSTEM {TRASYS) FORTRAN 77 VERSION

MODEL-SCNAFT CON_IG_RAFT $T_I SPACECRAFT THERMAL RADIATION M(X_ZL

RADIATION CONDUCTOR GENerATION LINK.

SPECIAL RADIATION NO_8_5

NONE

PAGE 11

OPTIONS

ICONF IG. NAME)

IYES, NO )

H/A

[SPACE,NO)

N/A

H/A

N/A

(YES, TAPE, NO)

(CONFIG. NAME)

(0. TO1.)

N/A

N/A

pAGE 12

MESS SPECIAL HOOFS

PRIMARY SECONDARY

NONE

1

DATE 071691 TIME 190851 THERMAL RADIATION ANALYSIS SYSTEM (TPASY5) FORTRAN 77 VERSION

MODEL-SCRAFT COWFIG-SCRAFT STEP_I SPACECRAFT THERMAL RADIATION MODEL

RADIATION CONDUCTOR GENERATION LINE.

PAGE 13

RADIATION CONDUCTORS (PJ_DKS) WRITTEN ON NRADK, NE_DOU, AND/OR PUNCH FILE(S)

AREA UNITS - INPUT UNITS * A/_FF, _MERE AP_F - 1.00000
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1, 2, 9, 2.7573|B-105

- 2, 2, 10, 2.7573|E-I05
- 3, 4, ?, 2.7573$E-105

- 4, 4, 0, 2.75730E-105

- 5, - To 0, 2.454056-115 •

- 6, 9, I0, 2.454556-115

- ?, 1, 9999, 1.027106-098

- 8, 2, 9999, 1.490316-098

- 9, 3, 9999, 2.055606-098

- 10o 4, 9999, 1.490316-095
- 11, 5, 9999, 2.05560B-095

- 12, S, 9995, 1.027806-095

- 13° 7° 9999, 2.415966-095

- 14, 0, 9999o 2.415966-095

- 15, 9° 9999, 2.415966-095

- 14, 10, 9999, 2.415966-095

RADKE STOP.ED OW MITAS/$IED& BCD OUTPUT TAPK IM FILE 1

1

DATE 071691 TIRE 190451 THERMAL RADIATION

NODEL,,-SCRAFT CONFZG-SCRAFT STEP_I

RADIATION CONDUCTOR GENERATION LINE.

AMALYSIE SYSTEM (TPJLSys) FCRTRAM 77

SPACECRAFT THERMAL RADIATION MODEL

VERSION PAGE

CONSERVATION Cf_CKS

RADIATIONS SUM_ FOR EAt8 NODS EEFO@B R!_4IN SCREEMING

1- 0.1000DE+01 2- 0.100006+01 3- 0.100006+01 4- 0.10D00E+D1 5- 0.100006+01

01

7- 0.100006÷01 4- 0.10000B+01 9- 0.10000B+01 10- 0.100O0B+01

1

DATE 071691 TIME 19005: THERMAL RADIATION ANALYSIS SYSTEM (TRAEYE) F(_TRAN 77 VERSION PACE

MODEL_SCRAFT CONFIG-SCRAFT STEP_I SPACECRAFT THERMAL RADIATIONMOOEL

RADIATION CONDUCTOR CENERATIOM LIME.

14

15

6- 0.10000E+

CONSERVATION CHECK5

RADIATIONS SUMS FOR EACH NODE AFTER RIO4IN SCREENING

01

1- 0.100006+01 2- 0.100006+01 3- 0.100006+01 4- 0.100006+01

7- 0.10000B÷01 0- 0.10000B+01 9- 0.100006+01 10- 0.10000Z+01

5- 0.10000B+01

TOTAL TIME TO OOMP_rE AND CONDBNSE RADKS - 0.01

I

DATE 071491 TIME 190851 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAM 77 VERSION

MODEL-SCRAFT CO_FIG-SCRAFT STEP-£ SPACECRAFT THERMAL RADIATION MODEL

DIRECT IRRADIATIC_ _L_TION LINK.

VARIABLE CURRENT DEFAULT DEFINITION OPTIONS

NAHE VALUE
++++ BASIC CONTI_OL PARAMETERS ++++

PAGE

DINDSH SHAD SHAD

DIACC 0.250 0.250

DIACCS 0.100 0.100

NSPFF 0 0

T_.L_..ad4 0.000 0.000

TIMEST 0.000 0.000

ISOLFL 0 N/A

IALBFL 0 N/A

IpLAFL 0 N/A

DIPNCM NO NO

ISFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

0.121606÷07 0.000

HA 0.121406+07 0.000

ECC 0.000 0.000

SUNRA 0.000 0.000
SUNDF.C 0.000 0.000

STRRA 0.000 0.000

STRDEC 0.000 0.000

SHADOMING OVERRIDE FLAG

PLANETARY ACCURACY FACTOR

S_ING ACCURACY FACTOR

STEP NO. FOR PLANETARY FORM FACTORS

TRUE ANOMALY ANGLE, DEGREES

INITIAL TIME ( AT PERIAPSIS )

BACK RF..FERENCE FOR SOLAR FLUXES

BABE REFERENCE FOR ALBEDO FLUXES

BACK REFERENCE FOR PIANETARY FLUXES

DIRECT INCIDENT FLUX PVNCH FLAG

FLAG TO NEITE SHADOW FACTORS ON RSO

++++ BASIC ORBIT DATA ++++

LONGITUDE (_ ASCENDING NODE, DEGREES

ANGL_4_NT OF PERIFOCUS, DEGREES

ORBIT INCLINATION, DEGREES
ORBIT ALTITUDE AT PERIAPSIS

ORBIT ALTITUDE AT AFOAPSIS

ORBIT ECCENTRICITY

SUN RA ANGLE, DEGREES

SU]_ DEC ANGLE, DEGREES

REFERENCE STAR RA AMGLE, DEGREES

REFERENCE STAR DEC ANGLE° DEGREES

SHAD, NOaH

STEP NO.

STEP NO.

STEP NO.

YES, NO, TAPS

YES, NO

ROTX 0.000 0.000

ROTY 0.000 0.000

ROTZ 0.000 0.000

£23 123

SUNCL 0.000 0.000

SUNCO 90.000 0.000

PLCL 270.000 0.000

Pr_"O 90.000 0.000

1

DATE 071491 TIME £90051

MODEL-SCRAFT CONFIG-SCRAFT STEP-I

DIRECT IRRADIATION CALCULATION LINE.

++++ SUN -ORIENTED, ORIENTATION DATA ++++

ROTATION ABOUT VC5 X-AXIS TO CC5

ROTATION ABOUT VCE Y-AXIS TO CCS

ROTATION ABOUT VCS Z-AXIS TO CCS

ROTATION ORDER -- IROTX. IROTY, _ROTZ

SUN LOOK ANGLE - CLOCK, DEGREES

SUN LOOK N_GLE - CONE , DEGREES

PLANET LOOK ANGLE - CLOCK, DEGREES

PI2_J_ET LOOK ANGLE - CONE , DEGREES

THERMAL RADIATION A_ALYSIS SYSTEM {TRASYS) FORTRAN 77 VERSION

SPACECRAFT THERMAL RADIATION MOOEL

PAGE

6- 0.10000E+

16
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CLOCK

COh_
RATE

TIMSP

0. 000
0. 000

0.000

0.000

0,000

0.000

&.000

0.000

++++ SPIN DATA +÷++

CI/)CI_ ANGLao DEG_(ABOUT COS Z-AXIS CCW_POSITIVIK)

OON_ ANGLE, DEGREI_

ROTATION RATE - CON I_DSITIVE

TI/_ SPIN sutGINS

'/'OLE

TOLP

NSNt

NPAE

ISFL

IP_

0.500 0.500

0.750 0.750

N/A

N/A NOkl

YES YES

YES TES

+÷++ SHAIX)W FACTOR A_PLICATI(_ DATA ÷+÷+

TOLERANCE FCR SOLAR FLUX CALCULATICN$ REAL NO.

TOLERANCE FCR pIJ&NETARY FLUX CAL_TIGNS REAL NO.

NA_ OF SOLAR MCOK N%_ ARRAY ARRAY

NA/I (_' PLANZTART NOOE N_4]ER ARRAY A.q2AT

FLAG TO SPECIFT RETHCD OF SOLAR PLUM CALCULATIONS YES, SO

r._qG TO SPECIFT RETH(]D OF pI_.m_TARY FLUX CALCULATIONS YES, MS

+++÷+++÷ sTEP SO - 1

++++ CO_UTED ON INPUT ORBIT DATA ++++

VALUX VARL_BLE DEICRIPTICN *** VA_ V_RIA_ DESCRIPTION

38,000 SUN mtTA AISLE, DEGREES 270.000 SUN CIGR_ ANGLE, DEGREES

38.000 STAR B_TAJ ANGLE, DEGREES 270.000 STAR CIGMA.S ANGLE, DEGREES

++++ PLANET -- EARTH -- DATA ++++

VALUE DESCR IPTIDN NAME *** VALUE DESCRIPTION MANE

0.300 PLANET AIJ_DO PALB 0.75073E+02 PLANIT DS ZMIRE I_R WDS

0.20_0E+00 pLANET RADIUS PRAD 0.750732+02 PLANET SS EMISS PO_ NSS

0.1530_e+01 ORBIT PERIOD PERIOD
0.41731E+09 PIJ%I_T GRAV CONSTANT GRAV 0.42900E÷03 SOI,%R CONSTANT AT PSD SOL

1
DATE 071691 TIME 190051 THERMAL RADIATION ANALYSIS STSTEM (TRASY$) FCRTPJ_ 77 VERSION PAGZ 10

MODIL-SC_T COWFIG-SCRAFT STEP-1 SPACECRAFT THEI_ RADIATION MODEL

DIRECT IRRADIATICI CALCULATION LINK.

SOLAR DIRECT INCID_Jfl FLUX FOR STEP NO. 1 TRUE AJK]MALT - 0.00000 TII_ - 0.00000

÷+++ IN TME SUN ÷+++

NODE COMPUTAT I(NI DIRECT UNSItJ4DONID SHADON CP TIRE SURFACE sHADOWING

NUVa_S FIAFX | ODS) FUJX FACTCR (SECONDS) ELd_NTS SURFACES

1 _ 0.00000K+00 0.00000Z+00 0.0000 0.090 S 0

2 CALC 0.00000E+00 0.O0000E÷00 0.0000 0.001 | 0

3 CALC 0.42900E÷03 0.42900E+03 1.0000 0.006 78 7

4 CALC 0.0000DE÷00 0.00000E÷00 0.0000 0.007 8 0

S CALC 0.000O0R÷00 0.00000E+00 0.0000 0.00T 8 0

6 CALC 0.00000N÷OO 0.00000E÷O0 0.0000 0.008 9 0

7 CALC 0.42_0E÷03 0.42S00E+03 1.0000 0.013 70 7

8 tALC O.00000E÷O0 0.00000E+00 0.0000 0,014 0 0
9 _ 0.42900E+03 0.42900E+03 1.0000 0.01S 7| 7

10 CALC 0.00000E+O0 0.00000E÷00 0.0000 0.019 8 0

NOTE- -

fLUX VALUES FLAGGED (++++++) MAy HAV_ COME FROM RTIo THE FLUX DATA BLOCK.
STUFFED FROM ANOTHER STZ_, OR FORCED TO ZERO IN DIC_4P.

TOTRL ELAPSED TIME IN PROMLFJ4- 0.523 SECONDS

1

DATE 071691 TIM_ 190151 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

MODEL-SCI_T CCNFIG-SCRAFT S'I"_P-_.

DIRECT IRRADIATION CALCULATION LINK.

AL_ AND PLA_T_Y DIRECT INCI_NT

SPACECRAFT THERMAL RADIATION M_EL

FLUXES FOR sTEP NO. - i

÷÷+÷ IN THE SUN +÷++

MODE COMPUT ---DIRECT INCID. FLUX ..... UNSHADOWED FL_X---

N_R _ pLANETARY AL_ pLANETARY

1 CALC 0.931K+00 0,224K+02 0.$31E+00 0.224E÷02

2 CA_ 0.970E÷00 0.449E+02 0.245E÷01 0.681E÷02

3 CALC 0.293E÷01 0.216E+02 0,293E÷01 0.216E+02

4 CALC 0.000E+00 0.000E÷00 0,000Z+00 O.O00E÷O0

5 C.ALC 0;000E+00 0.21_÷02 0,000E+00 0.216E÷02
6 CALC 0.931E+00 0.224E÷02 0.9312+00 0.224E+02

7 CALC 0,180E+01 0.101E÷02 0.293E+01 0.216E+02

| DALC O.O00E+O0 0.101E+02 O.O00E+O0 0.216E+02

9 CALC 0.203E+01 0.216E+02 0.293E+01 0.216E÷02

10 _ O.O00E+O0 0.2162+02 O.000Z+O0 0.216£÷02

TRUE ANOMALY - 0.00000

--5HA/X_ PACTORE_ CP TIME

AIJ_DO PLAN (SECONDS)

1,000 1.000 0.000

0.395 0.$50 0.094

L.000 1.000 0.117

0.000 0.000 0.119

0.000 1.000 0.141

1.000 1.000 0.164

0.614 0.460 0.182

0.000 0.468 0.200

1.000 1.000 0.222
0.000 1.000 0.244

NOTE--

FLUX VALUES FLAGGED (++++++) HAY HAVE CCI4E FROM RTI, THE FLUX DATA 5LOCK,
STUFFED FROM ANOTHER STEP, OR FORCED TO ZERO IN OlC04_.

PAGE 19

TIRE - 0.00000

PLAN SURF SURF

58 S 6
9O 18 ?

50 8 ?

58 8 0

50 e 7

50 9 6

5O 8 7

50 O 7

50 O 7

51 8 7

TOTAL EL_SED TI_ IN PR(_LEM * 0. 790 SECONDS

S,A,P FLU_ HAVE DEEM WRIT'fEN TO RSO TAPE. LAST RESTART RECORD WRITTEN - 56

I

DATE 071691 TI_ 190051 THERMAL RADIATION _AL¥SIS SYSTEM (T_ASYS) FORTRAN 77 VERSION PAGE 2O

2-2-18



MODEL-SCRAFT CCt/FIG--SCRAFT STEP-I

ABSORBED Q CC_PUTATION LINK.

VARIABrR CURRENT DEFAUkT

NAMI VALUE

IAQGBI $CRAFT CONF. NA/41

SCRAFT ccerf. NA/4B

RSOIAR 1.000 1.000

RALa 1.000 1.00O
RPLAN 1.000 1.000

NKZOCO SCRAFT CC_qF. NA/_

SPACECRAFT THERMAL RADIATION MODEL

ABSORmmHEAT

DEFINITION

CURRENT CONF, N_E FOR IR GRAY BODY FACTOR.q
CURRENT CONF. N_ FOR SOLAR GRAy BODY FACTORS

BOLAR HEAT Kq;LTIPLIER

AL/_DO HEAT MULTIPLIER
PLANETARY HEAT MULTIPLIER

CURRENT CONF. N_ FOR COARLqPONDINCE DATA ACCESS

OPTIONS

(ANT CONF. NAME)

(ANY CONF. NN4?,.|
REAL NO.

REAL NO.

REAL NO.

(ANY CONF. NAME)

A_OR_D Q NTC_ IN STEP 1

TOTAL TIR_ TO CO_UTE ABNORI_D Q - 0.00

STEP 2

ABSORBED P_ATS FRON STEP I PUT IN CURRENT STEP DATA STOAAGE.

INPUT ARGUP4mNT$ --- TRUE ANOMALY - 360. 000 TIME - 0.15306Z+01

STORED ARGUMENTS-- TRUE ANOMALY - 360. 000 TI/_ - 0.15306E+01

1

DATE 071691 TIME 190851 THERMAL RADIATION ANALYSIS SYSTEM (TRA_YS) FORTRAN 77 VERSION

MODEL-SCRAFT CORFIG--SCRAFT STEP-3 SPACECPAFT THERMAL RADIATION MCOEL

DIRECT IRRADIATION CALCULATION LINK.

VARIABLE CURRENT DEFAULT DEPINITIOR OPTIONS

NAME VALUE

++÷÷ BASIC CONTROL PARAMETERE +÷÷+

PAGE 21

DINOSH SHAD SHAD

DIACC 0.250 0,250

DIACCS 0. i00 0.100

NSPFF 0 0

TRUEAN 45.000 0.000

TIMEBT 0. 000 0.0O0

ISOLFL 1 N/A

IALSFL 0 N/A

IPLAFL 0 N/A
DIPNCH NO NO

ISFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

HP 0.12160E+07 0. 000

HA 0.121(_0E+07 0. 000

ECC 0.000 0.000

SUNRA 0.000 0.000

SUNDEC 0.000 0.000

STRRA 0.000 0.0DO

STRDZC O. 000 O. 000

SHADOWING OVERRIDE FLAG

PLANETARY ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. FOR PLANETARY FORM FACTCRS

TRUE AN(_tALy ANGLE, DEGREES

INITIAL TIME ( AT PERIAPSIS )

BACK REFERENCE FOR SOLAR FLUXES

BACK REFERENCE FOR ALBEDO FLUXES
SACK REFERENCE FOR PLANETARY FLUXES

DIRECT INCIDENT FLUX pUNCH FLAG

FLAG TO NRITE SHADOW FACTORS ON RSO

+++÷ BASIC ORBIT DATA ++++

L_GITUDE OF A.qCENDING NODE, DEGREES

ARGUMENT OF PERIFOCUS, DEGREES

ORBIT INCLINATION, DEGREES

ORBIT ALTITUDE AT PERIAPSIS

ORBIT ALTITUDE AT APOAPSIS

ORBIT ECCENTRICITY

SUN RR ANGLE, DEGREES

SUN DEC ANGLE, DEGREES

REFERENCE STAR RA ANGLE, DEGREZS

REFERENCE STAR DEC ANGLE, DEGREES

SHAD, NC_H

STEP NO.

STEP NO.

STEP NO.

YES, NO, TAPE
YES, NO

+÷++ SUN -ORIENTED, ORIENTATION DATA ++++

ROTX 0.000 0.000 ROTATION ABOUT VCS X-AXIS TO CCS

ROTY 0.000 0.000 ROTATION ABOUT VCS Y-AXIS TO CCS

ROTZ 0.000 0.000 ROTATION ABOUT VCS Z-AXIS TO CCS

I 2 3 l 2 3 ROTATION ORDER -- IROTX, IROTY, IROTZ

SUNCL 0.000 0.000 SUN LOOK ANGLE - CLOCK, DEGREES

BUNCO _0.000 0.000 SUN LOOK ANGLE - CONE o DEGREES

PLCL 301.619 0.000 PLM4ET LOOK ANGLE - CLOCK, DEGREES

PLCO 123.163 0.000 PIJ_ET LOOK ANGLE - CONE , DEGREES

1

DATE 071691 TIME 190|S1 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEL'SCRAFT CONFIG"SCRAFT STEP'3 SPACECRAFT THERMAL RADIATION RCOEL

DIRECT IRRADIATION CALOJLATION LINE.

PAGE 22

CL_3CN 0.000 0,000
CONE 0.000 0,000

RATE 0.000 0,000

TIM.qP 0.000 0.0O0

++++ SPIN DATA ++++

CLOCK ANGLE, DEGREES(ABOUT CCS Z-AXIS CCN--POSITIVE)

CONE ANGLE, DF.GEEES
ROTATION RATE - CCN POSITIVE

TI/_ SPIN BEGINS

TOLS 0.500 0.$00

TOLP 0.750 0.750

NSAR N/A NONE

NPAN N/A NONE

ISFL YES YES

IPFL YES YES

++++ SHADOW FACTOR APPLICATION DATA ++++

TOLERANCE FOR SOLAR FLUX CALCULATIONS REAL NO.

TOLERANCE FOR PLANETARY FLUX CALCULATIONS REAL NO.

NA_ OF SOLAR NODE NUMBER ARRAy ARRAY NA_J_

NAME OF PLANETARY NODE NUMBE_ ARRAy ARRAY NAME

FLAG TO SPECIFY METHOD OF SOLAR FLUX CALCULATIONS YES, NO
FLAG TO SPECIFY METHOD OF PLANETARY FLUX CALCULATIONS YES, NO

2-2-19



+++÷÷+++ STEP NO- 3

+÷+÷ C_UT_D ON INPUT ORBIT DATA ++++

VALC_ " VA/tLq/_Lg DESCRIPTION ***

38.000 SUM I_TA ANGLE, DZGNZES 270.000

30.000 STAR mJ_TR.! ANGLE, DEGREI_ 270,000

VARIABLE USSCR IPTION

SUN CIGMA ANGLE, DEGREE.S

STAR CIGMAS ANGLE, DEGREES

++++ P_T -- EARTH -- DATA ÷+++

VAL_ DESCRIPTION MA_ *** VALUE

0.300 pLJ_CET_JJlWO pJ_LJS 0.75073E+02

0.20900E÷00 pI_I(ET RADIUS PPJ_D 0.75073K+02

0.1530_¢+01 ORBIT pERIOD PERIOO

0.41731K+09 PLMIKT GI_,V CCIISCNrJr C,,RAV 0.42900E÷03

DATE 0?ISgI T_ 1908Sl _ EADIATION RNALYSI$ SYSTEM ITRASYS) FGRT1_N 77 VERSION

HOOEL_$CRNFT CCMFIC,,-_CRAFT STFJP-3 SPACECRAFT THERMAL RADIATION MODEL

DIRECT IRRADIATION CALCULATION LIN_.

DESCRIPTION NAME

pLANET D$ ZI4IS$ _II_R I_DS

PI,A_CT SS ZNISS POWER NSS

soLAR CONSTANT AT PSD SOL

PAGZ 23

SOL_q DIRECT INCIDKIfT FLUX FOR STEP NO. 3 TRUI A_K]4ALT - 45.00000
+++÷ IN THZ SHADE ++++

TINK - 0.19134

MODE COMPUTATION DIRECT UM_UULDGMED SHAD_ CP TINK SURFAL'E SHADOMXNG

FLUX(QDS) FLIFX FACTOR (SECONDS) ELEMENTS SURFACES

1 ÷+++++ 0.0OO00E+00 0.0000DE+00 0.0000 0.000 0 0

2 ÷+++++ 0.00O00E+00 0.00000Z+00 0.0000 0.001 0 0

3 ++++÷÷ 0.00000E+00 0.00000g÷00 0.0000 0.001 0 0

4 ++++++ 0.00000E+0O 0.00000E÷00 0.0000 0.001 0 0

5 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.002 0 0

6 ++++++ 0.00000E÷00 0.00000E+00 0.0000 0,002 0 0

7 ++++++ 0.00000E÷00 0.0O000E+0O 0.0000 0,002 0 0

I ++++++ 0.00000E+00 0.00000E÷0O 0.0000 0.002 0 0

9 ++++÷÷ O.OO000E+00 0.00000K+O0 0.0000 0.002 0 0

10 ++++++ 0.00000E+00 0.00000Z÷00 0.0000 0.003 0 0

NO'I_- -

FLUX VALUES FIJUgGED (÷++÷++) MAY HAVE C(3_ FRC_f RTI, THE FIArX DATA BLOCK,

STUFFED FNOM A/4OTHEN STE1 D. OR FORCED TO ZERO IN DICOMP.

TOTAL EIAPSED TI_ IN pRONLEM -- 0.010 SECONDS

DATE 071691 TIMZ 190851 THERMAL RADIATION ANALYSIS SYSTEM (TRAS¥S) FONTRAN 77 VERSION

MODEL-SCRAFT C_IG-SCRAFT STEP-3

DIRECT IRRADIATION _IATION LINK.

ALBEDO AND pLANZTART DIRECT INCID_J4T FLUXES FOE STEP NO. - 3
++++ IN THE SHADE ÷+++

SPACECRAFT THERRkq_ RADIATION MOOZL

MODE CO_UT ---DIRECT INCID. FLUX ..... UNSHA/X)MED FLUX---

NU/_IB_R _ PLANETARY ALBEDO pLANETARY

1 CALC 0.0OOE+00 0,607E+01 0.000E÷0O 0.607E+01

2 CALC 0.000E+00 0.31|E+02 0.000E÷O0 0.521E+02

3 C._LC 0.000E+00 0.395K+02 0.O00E+00 0.395Z+02

4 CALC 0.000E+00 0.841E-02 0.000E+00 0.276E÷01

5 CALC 0.00DE÷D0 0.912E+01 0.000E+00 0.912E+01

6 _ 0.000E÷00 0.449E÷02 0.000E+00 0.449E+02

7 CAI.C 0.000E÷00 0.212E+02 0.000E+00 0.395E+02

8 CA_C 0.000E÷00 0.400E+01 0.00DE÷00 0.912E÷01

9 CAL¢ O.000Z+O0 0.38_E+02 0.000E÷00 0.395E+02

10 CALC 0.000E+00 0,912E+01 0,000E+00 0.912E÷01

PAG_ 24

TRUE ANCMALY - 45.00000 TINK - 0.19134

--SHADOW FACTORS-- cP TIMZ --ELE/_NTS-- SHAD

_DO PLAN (SECONDS) PI_N SURF SURF

0.000 1,000 0.000 50 1 6

0,000 0.611 0.061 82 18 7

0.000 1.000 0.119 70 10 7

0.0O0 0.003 0.127 50 1 ?

0.000 1.000 0.137 50 3 7

O.O00 1.000 0.190 74 16 6

0.000 0.715 0.239 70 10 7

0.000 0.439 0.241 58 3 7

0.000 0.985 0.305 70 18 7

0.000 1.00O 0.316 58 3 7

NOTE- -

FLUX VALUES FLAGGED (++++++) HAy _AVE CCN_ FRON NTI, THE FLUX DATA 8LO_,
STUF_D _ ANOTHER STF_. OR FORCED TO ZERO IN DICOMP.

TOTAL ELAPSED TII_ IN PEOBLE/4 - 1.142 SECONDS

S,A,P PLU_ HAVE IM_EM MRITTEN TO RSO TAPE, L,_T RESTART RECOMD WRITTEN - 02

L

DATE 071&91 TII"_ i_0851 THERMAL RADIATION ANALYSIS SYSTEM (TRASY$) FORTRAN 77 VERSION

MODEL,..$CRAFT CONFIC,-'SCRAFT STEP'3

AB$ORI_D Q _UTATION LINK.

VARIABLE CURRENT DEFAULT

NAI_ VALUE

IAQ(_I SCRAFT CONF. NA_B_

IAQG_ SCPJdrT CONF. NA/_

ItSOLAR 1.000 1.000

PALE 1.000 1.000

RPLAN 1.000 1.000

NFIGCO $CRAFT CONF. NA_

SPACECRAFT THERMAL RADIATION MOOEL

AI_ORBF.,D HEAT

DEFINITION

CURRENT CONF. NAME FOR :R GRAY _ODY FACTORS

CURRENT CONF. NAME FOR SOLAR GRAY BODY FACTORS

5OLAR HEAT _JLTIPLIEN

ALBEDO HEAT MULTIPLIER

PLANETARY HEAT MULTIPLIER

CURRENT CONF. NAME FOR CORReSPOnDENCE DATA ACCESS

ABSON_D Q STONED IN STEP 3

PA(_,, 25

OPTIONS

(ANY CONF. NAME)

(ANY CONF. NAME)

REAL NO.

REAL NO.

REAL NO.

(ANY CONF. NAME)
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TOTAL TZ_ TO C¢_4PUTB ABSORBED Q - 0.01
1

DATE 071691 TI_ 190051 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FCaTRAN 77 VERSION

HODEL-SCRAFT CONlrlG-SCRR.S'T STEP-4 SPACECRAFT THERMAL RADIATION MOOEL

DIRECT IRRADIATION CALCULATION LINK.

VAR IABL! CURRENT DEFAULT DBFIMITION OPTIONS
NA_Z VALUE

++++ W_IC CONTROL pARAMETERS ++++

DINOSH SHAD SHAD

DIACC 0.2S0 0. 250

DIACCS 0.100 0.100

NSPFF 0 0

TRUEAM S0.000 0.000

TINBST 0. 000 0 . 000

I5OLrL 1 NIA

IAX_*L 0 NIA

IP LAFL 0 NIA
DIPNCH NO MO

ISFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.0DO 0. 000

HP 0.12160E+07 0. 000

HA 0.12160E÷07 0. 000

ECC 0.000 0.000

SUWRA 0. 000 0. 000

SUNDEC 0.000 0.000

STRRA 0.000 0. 000

STRDEC 0. 000 0. 000

SHADOWING OVERRIDE FLAG

PLANETARY ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. FOR PLANETARy fORM FACTORS

TRUE ANOMALY ANGLE, DEGREES

INITIAL TIME ( AT PERIAPSIE )

BACK REFERENCE FOR SOLAR FLUXES

BACK REFERENCE FOR ALBEDO FLUXES

BACK REFERENCE FOR pI,_NZTANy FLUXES

DIRECT INCIDENT FLUX PUNCH FL,I_
FLAG TO NKITE SHADOW FACTCRS ON RED

÷++÷ BASIC ORBIT DATA ÷÷++

LONGITUDE OF ASCENDING NODE, DEGREES

ARGUMENT OF PERZFOCUS, DEGREES

ORBIT INCLINATION, DEGREES
ONBIT ALTITUDE AT PERIAPSIS

ORBIT ALTITUOE AT APQAPSIS

ORBIT ECCENTRICITY

SUN HA ANGLE, DEGREES

SUN DEC ANGLE, DECREES

REFERENCE STAR RA ANGLE, DECREES

REFERENCE STAR DEC ANGLE, DEGREES

SHAD, NG_IH

STEp NO.

STEP NO.

STEP NO.

YES, NO, TAP E

YES° NO

+÷++ SUM -O_IENTED0 ORIENTATION DATA ÷+++

ROTX 0.000 0.000 ROTATION ABOUT VCE X-AXIS TO CCS

ROTY 0.000 0.000 ROTATION ABOUT VCE Y-AXIS TO CCS

ROTE 0.000 0.00O ROTATION ABOUT VCE Z-AXIS TO CCS

i 2 3 I 2 3 ROTATION ORDER -- IROTX, IROTY, IROTZ

SUNCL 0.000 0.0O0 SUN IXX)E ANGLE - CLOCK, DEGREES

SUNCO 90.000 0.000 SUN LOOK ANGLE - CONE , DEGREES

PLCL 0.000 0.000 pLANET LGOK ANGLE - _K, DEGREES

PLCO 142.000 0.000 PLANET l_COK ANGLE - CONE , DEGREES
I

DATE 071691 TIRUZ 190851 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEL-SCRAFT CO_FIG-SCRAFT STEP-4 SPACECRAFT THERMAL RADIATION MODEL

DIRECT IRRADIATION CALCULATION LINK.

CLOCK 0.00O 0.000

CONE 0.000 0.000

HATE 0.000 0.000

TIHSP 0.000 0.000

++++ SPIN DATA ++÷+

CLOCK ANGLE, DECREES(ABOUT CCS Z-AXIS CCW-POSITIVE)

CONE ANGLE, DEGREES

ROTATIOW RATE - CCW POSITIVE

TU4E SPIN REGIME

PAGE

PACE

26

27

TO[._ 0.500 0.S00

TOr..,P 0.?SO 0.750

NEAR N/A NOR1

NPAN N/A NONE

ISFL YES YES

IPFL YES YES

÷+++ SHADOM FACTOR APPLICATION DATA ++++

TOLERANCE FOR SOLAR FLUX CALCULATIONS REAL NO.

TOLERANCE FOR PlaNETARY FLUX CALCULATIONS REAL NO.

NAME OF SOLAR NODE N_MB_R ARNAY ARRAY

NAI"Z OF PLANETARY NODE N_qBER ARRAY ARRAY MAHE

FlAG TO SPECIFY HZTHGO OF SOLAR FLUX CALCULATIONS YES, NO

FLAG TO SPECIFY METHOD OF PI2_NETARy FLUX CA_EULATIONE YES, NO

++++++++ STEP NO -- 4

÷+++ COI4PUT'_D OR INPUT ORBIT DATA ++++

VALUE VARIABLE DESCRIPTIOW *** VALUE VARIABLE DESCRIPTION

38.000 SUN BETA ANGLE, DEGREES 270.000 SUN CIGMA ANGLE, DEGREES

38.000 STAR BETAS ANGLE, DEGREES 270.000 STAR CIGMAS ANGLE, DEGREES

++++ pLANET -- EARTH -- DATA ÷÷++

VALUE DESCRIPTION NA/_ *** VALUE DESCRIPTION NAME

0.300 PLANET ALEEDO PALE 0.75073E+02 PLANET DS EMISS POWER WDS

0.20900E÷0| PLANET RADIUS PRAD 0.75073E÷02 PLANET SS EMISS POWER NSS

0.15306E+01 ORBIT PERIOD PERIOD

0.41731E÷09 PLANET GRAV CONSTANT GRAV 0.42900E+03 SOLAR CONSTANT AT PSD SOL

i

DATE 071691 TIME 1908SI THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION PAGE 28

NODELoSCRAFT CONFIG-SCRAFT STEP*4 SPACECRAFT THERMAL RADIATION V_DEL
DIRECT IRRADIATIOW CALCULATION LINK.

SOLAR DIRECT INCIDENT FLUX FOR STEP NO. 4 TRUE ANCI4ALY - 90.00000

++++ IN THE SHADE ++++

NODE CCI4PUTATION DIRECT UNSHADOWED SHADOW CP TI_ SURFACE

NUMBERS FLUX(QDS) FLUX FACTOR (SECONDS) ELEMENTS

TIRE -

SHADOWI NG

SURFACES

0.38268
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1 *÷+÷++ 0.00000E÷00 0,000O0E÷00 0.0000 0,000 0

2 +÷+++÷ 0.00000E+00 0.00000E+0O 0.0000 0.001 0

3 ++++++ 0.00000E+00 0.00000Z+00 O.0000 0.001 0

4 +++++÷ 0.00000B÷00 0.00000Z+00 0.0000 0.001 0

5 ++++++ " 0.00000E÷00 0.00000E'_00 0.0000 0.002 0

6 ÷÷++++ 0.00000E÷00 0.00000|+00 0.0000 0.002 0

7 ÷÷+++÷ 0.00000K+00 0.00000E+00 0.0000 0.002 0

8 +÷++++ 0,00000K+00 0.00000E÷00 0.0000 0.002 0

9 ÷+++++ 0.00000E÷00 0.0000OE+00 0.0000 0,002 0

10 ÷++"++ 0.00000Z÷00 0.00000Z+00 0.0000 0.003 0

NOTE--

FLUX VALUES FLAGGED (++÷÷++) MAY I'L%VI[ CCM4E _ RTI, THE FL[FX DATA Br_0CI_.
STUFFED FRCM AMOTI.IIEN STEP, OR FORCED TO ZERO IN DICC@IP.

TOTAL ZI_SED TI_ IN pROBLEM - 1.169 SICC_

1
DATK 071691 TIME 190051 TH_ RADIATION ANALYSIS SYSTEM (TRASTS) FORTRAN 77 VERSION

M_IL-SCRAFT CONFIG_CRAFT STY-4 SpACeCRAFT T_ RADIATION MODEL

DIRECT IRRADIATION CAL_IATION LINK.

AL_ AND pI4_NKTARY DIRECT INCIDZNT FLUXES _ STEP NO. - 4 TRUE ANOMALy -
++++ IN THE SHADK ++++

NODK COMPUT ---DIRECT INCID. FLUX .... UNSMA_D FLUX---

M?.E'm_.R _ PLANETARY AL_ pLANETARY

1 CALC 0.000E+00 0.135E+01 0.000E÷00 0,135Z÷01
2 CALC 0.000B÷00 0.194E+02 0.0002+00 0.2242÷02

3 CALC 0.000Z+00 0.477E+02 0.000E+00 0,477B+02

4 CALC 0.000Z+00 0.194E+02 0.0002÷00 0.2242+02

5 CALC 0.000E_00 0.4672+01 0.000Z+00 0.467E÷01

6 CALC 0.000Z+00 0.551E+02 0.0002÷00 0.5512+02

7 CALC 0.0002+00 0.4132+02 0.0002+00 0.477E+02

I CAI.C 0.0002+00 0.424Z+01 0.0002+00 0.467E+01

9 CALC 0.0002+00 0.4132+02 0,0002+00 0.47?2+02

10 CALC 0.000B+00 0,4242+01 0.0002+00 0.467E+01

--SHADOII FACTOU--

PLAN

0. 000 1. 000

0. 000 0. 615

0. 000 1,000

0. 000 0.605

0. 000 1. 000

0.0O0 L. 000

0.000 O.16?

O, 000 O. 90 $

0.000 0.867

0.000 0.90 II

PAGE 29

90.00000 TIME - 0.38268

CP TIME --2LEJ_I_TS-- SHAD

(SECONDS) pLAN SURF SURF

0,000 5e 1 6

0.021 50 8 ?

0.094 12 1| 7

0.114 58 | 7

0.123 58 2 ?

0.201 %4 L6 6

0,266 |2 10 7

0.275 58 2 7

0.339 82 18 ?

0.349 58 2 7

NOTt--

FLUX VALUES FLAGGED (++++++) MAT HAVI CO_ FR_ RTI, THE FLUX DATA BI_,
STUFFED FROM ANOTI_ STEP, OR FORCED TO Z2RO IN DICO_.

TOTAL ZLAPS2D TIMA IN pRORLEM - 1.521 S_'ONDS

SoA, P FLUXES HAVE _ WRITTEN TO R.qO TAP2, I_T RESTART RECO_ WRITTBN -
96

1
DATE 0T1691 TI.I_ 1%0852 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

MODI_L"SCRAFT CONFIG'$CRAFT STEP'4

AB.qCMBBD O COIf_TATION LINK.

VARIABLE CURRENT DEFAULT

NA/_ VALUE

IA_I SCRAFT CONF. NANB

IAOGLq SCRAFT CONF. NAMB
RSOLAN 1 . 000 1 • 000

RALB 1.000 1.000

RPLAM 1.000 1.000

_rIc._O SCRAFT CONF. NA/!

SPACECRAFT TMER/4AL RADIATION MOOEL

ABSORBED HEAT

DEFINITION

CURRENT CONY. NAME FOR IR GRAY 8ODY FACTORS

CURRENT CONF. NAME FOR SOLAR GRAY BODY FACTORS

SOLAR HEAT M_JLTIPLI2R

AL_DO HEAT MULTIPLIER

pLANETARY HNAT _LTIPLIER

CURRENT CONF. NA_ FOR CO_RESPOND2NCE DATA ACCESS

PAUE 30

OPTIONS

(ANY CONF. NAME)

(ANY CONF. NAME)

REAL NO.

REAL NO.

REAL NO.

(ANY CONF. NAME)

ABSORIY.D 0 STCRED IN STEP 4

TOTAL TIME TO COIIPUTE A/_SORIM_D Q - 0.01

I

DATE 071691 TL_ 1%0052 THERMAL RADIATION ANALYSI2 SYSTEM (TRASYS) FORTRAN 77 VERSION

HOHEL-SCRAFT CORFIG-SCRA/_ STEPm5 SPACECRAFT THERMAL RADIATION M_OEL

DIRECT IRRADIATION CALCULATION LINK.

VARIABLE cURRENT D_FAULT DEFINITION OPTIONS

NAME VALUE
÷+÷÷ BASIC CONTROL pARAMETEItS ÷+++

PA_ 31

DINOSH SHAD SHAD

DIACC 0.250 0.250

DIACCS 0.100 0.100

NSPFF 0 0

TRUEAN 135.000 0.000

TI_2T 0.000 0.000

ISOLFL 1 N/A

IAL_FL 0 NIA

IPLAFL 0 N/A

DIPNCH NO NO

ISFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

HP 0.12160E÷07 0.000

HA 0.121602+07 O.OOO

SHADOWING OVERRIDE FLAG

PLANETARY ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. FOR PLANETARY FORM FACTORS

TRUE AI_T ANGLE, DEGREES

INITIAL TIME ( AT PEEIAPSIS )

BACK REFERENCE FOR SOLAR FLUXES

BACK REFF_RENC2 FOR ALSEDO FLUXES

BACK REFERENC2 FOR pLANETARY FLUXES

DIRECT INCIDENT FLUX pUNCH FLAG

FLAG TO WRITE SHADOW FACTORS ON RED

++++ 8_IC ORBIT DATA ++++

LONGITUDB D_ ASCENDING NODE, DEGREES

ARGUMENT Or PERIFOCUS, DEGREES

ORBIT INCLINATION, DEGREES

ORBIT ALTITUD2 AT PERIAPSIS

ORBIT ALTITUDZ AT APOAPSIS

SHAD, NOSfl

STEP NO.

STEP NO.

STEP NO.

YES,NO,TAPE

YES, NO
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ECC 0.000 0,000

St;MRA 0. 000 0. 000

Sl_DEC 0.000 0.000

STRRA 0.000 0.000

STRDEC 0. 000 0. 000

ORBIT KCCEIrrBICITY

SUN RA ANGLE, DEGREES

SUN DEC ANGLE, DEGREES

REFERENCE STAR RA ANGLE, DEGREES
_CE STAR DEC J_fGQm, DEGREZS

ROTX 0.000 0.000

ROTT 0,000 0.000

ROTZ 0.000 0,000

123 123

31_lCL 0.0O0 0,000

SI_CO 90. 000 0. 000

PLCL 583|I 0.000

pLCO 123. 863 0. 000

1

DATE 071691 TIR_ 190552 THERMAL

MODEL_SCRAFT CO[flqG--ScRAr'F STEP-5

DIRECT IRRADIATICW( CALCULATION LINK.

++÷÷ SUN -_RIENTED, ORIENTATION DATA +++÷

ROTATION ABOUT VC$ X-AXIS TO CCS

ROTATION ABOUT VC$ T-AXIS TO CCS

ROTATICll ABOUT VCS Z-AXIS TO CCS

ROTATIOW ORDER -- IROTX, IIbOTT, IBOTZ

SUM LOOK ANGIJ¢ - CLOCK° DEGREES

SUN LOOK ANGLE - CONE , DEGREES

PLANZT LOOK ANGLI - CLOCK, DEGREES

PI,/_IST LOOK ANGLE - CORE , DEGREE5

RADIATION AJ(ALTSIS SYSTEM (TRA_TS) FORTRAN 77

SPACECRAFT THERMAL RADIATION MODEL

VERSION PAGE 32

CLOCK 0.000 0.000

CORE 0.000 0.000

RATE 0.000 0.000

TIKSP 0.000 0.000

+++÷ SPIN DATA ÷+++

CLOCK ANGLE, DE(_EES(ABOUT CCS Z-AXIS CCW-POSZTIVE)

COME ARGLIo DEGREES

ROTATIQI( RATE - CCN POSITIVE

TIME SPIN meGlNS

TOI,9 0.S00 0.500

TOLP 0.7S0 0.750

NSAR N/A NOI_

NPAR M/A NOWE

ISFL YES YES
IPFL YES YES

÷+++ SHADOW FACTOR APPLICATION DATA ÷+÷+

TOLERANCE FCm SOLAR FLUX CALCULATIONS REAL NO.

TOLERANCE FOR PLANETARY FLUX CALCULATIC2_S REAL NO.
HAME OF SOLAR NODE NUMn_R ARRAY ARRAY NAME

HA/_ OF PLANETARY NODE NUMBER ARRAy ARRAy NAME

FIAG TO SPECIFY METHOD OF SOLAR FLUX CALCULATIONS YES,NO

FlAG TO SPECIFY METHOD OF PLANETARY FLUX CAIEUIATIONS YES, NO

÷++++÷++ STEP NO - 5

÷+++ CCMPUTED OR INPUT ORBIT DATA ++÷÷

VALLrE VARIABLE DEEGBIPTIDI_ *t• VALUE VARIABLE DESCRIPTION

38.000 SUN BETA ANGLE, DEGREES 270.000 SUM CIGMA ANGLE, DEGREES

38.000 STAR BETAS ANGLE, DEGREES 270.000 STAR CICJ4A3 ANGLE, DEGREES

÷+++ pLANET -- EARTH -- DATA ++++

VALUE DESCRIPTIDN HAF_ **• VALUE DESCRIPTION NAME

0.300 PLANET ALBEDO PALB 0.95073E+02 PLANET DS EHISS POWER WDS

0.20900E÷08 pLANET RADIUS PRAD 0.75073E÷02 PLANET SS EHISS pONEB WSS

0.15306E+01 ORBIT PERIOD PERIOD

0.41731E+09 PLANET GRAV CONSTANT GRAV 0.42900E+03 SOLAR COMSTAHT AT PSD SOL

DATE 071691 TIME 190852 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION PAGE 33

HODEL-SCRAFT COWFIG-SCRAFT STEP--5 SPACECRAFT THERMAL RADIATION HKSOEL

DIRECT IRRADIATION CALCULATION LIME.

ANOMALy - 135.00000 TI_ - 0.57402SOLkR DIRECT INCIDENT FLUX FOR STEP NO. 5 TRUE

++++ rN TBE SHADE ++++

MODE COMPUTATION DIRECT UNSHADOWED SHAIXSM CP TIME SURFACE SHADOWING

NUMBERS FLUX(QDS) FLUX FACTOR (SECONDS) ELEMENTS SURFACES

1 +++÷++ 0.00000E÷00 0.00000E+00 0.0000 0.000 0 0
2 ÷++÷÷÷ 0.00000E+00 0.00000E+00 0.0000 0.001 0 0

3 +++++÷ 0.00000E+O0 0.00000E+00 0.0000 0,001 0 0

4 ++÷+++ 0.00000E+00 0.00000g+00 0.0000 0.001 0 0

5 ++++÷÷ 0.00000E+00 0.00000E+00 0.0000 0.002 0 0

6 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.002 0

? ++++++ 0.00000E+00 0.00000K+00 0.0000 0.002 0 0

$ ++++++ O.O0000E+OO O.O0000E+O0 0.0000 0.002 0 0

9 ÷+++++ 0.00000E+00 0.00000E+00 0.0000 0.002 0 0

10 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.003 0 0

NOTE- -

FLUX VALUES FLAGGED {+÷++÷+) MAY HAVE COME FROM RTI, THE FLUX DATA BLOCK,

STUFFED FROM A_OTHER STEP, OR FORCED TO ZERO IN DICO_.

TOTAL ELAPSED TIME IN PROSI_.J4 - 1.545 SECONDS
i

DATE 071691 TIME 190852 THERMAL RADIATION _ALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEL-SCRAFT CONFIG-SCRAFT STEP-5 SPACECRAFT THERPAL RADIATION HOOEL
DIRECT IRRADIATZOR CALCULATION LINK.

ALBEDO AND PL^METARY DIRECT INCIDENT FLUXES FOR STEP NO. - 5 TRUE ANOHALY - 135.00000

++++ IN THE SHADE ++++

MODE COP(PUT ---DIRECT INCID. FLUX ..... UNSHADOWED FLUX ..... SHADOW FACTORS-- CP TIME

NUMBER /_F.DO PLANETARy ALBEDO PLANETARy ALBEDO PLAN

PAGE 34

TIME - 0.57402

--ELEJ_NTS--

(SECONDS) PLA_ SURF

SHAD

SURF
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1 CALC 0.000£÷00 0.E07E+01 0.000Z+00 0.607R+01 0.000 1.000

2 CALC 0.000g+00 0.841E-02 0.0001÷00 0.2TEE+01 0.000 0.003

3 C.ALC 0.000l+00 0.395g+02 0.0001÷00 0.3gSE_02 0.000 1.000

4 CALC 0.000g+00 0.311B+02 0.000g+00 0.521Z+02 0.000 0.611

S CALC 0.000l+00 0.912E+01 0.000E+00 0.912E+01 0.000 1.000

E CAT_ 0.0tDOK+00 0.445_+02 O.O00K÷O0 0.449B+02 0.000 1.000

T _ 0.000B÷00 0.39_+02 0.000K+00 0.395N+02 0.000 0.98$

8 CALC 0.000S+00 0.912E÷01 0.000K+00 0.912E÷01 0.000 1.000
9 CALC 0.000K+00 0.282Z÷02 0.000E+00 0.39SE+02 0.000 0.71S

10 CALC 0.00OE+00 0.400E+01 O.000B+00 0.912E+01 0.000 0.439

NOTE--

fLUX VALUES FLAGGED (+++÷++) NAT MA_ CCI_E FRON RTI, THE FLUX DATA BLOCK.

STUFFED FRON ANOTHER STEP, OR FORCED TO ZERO IN DICCI4P.

TOT_ BIJ_SED TIME IN pROBL&J4 - 1.072 SECONDS

S.A,P FLUXES _VK BEEN WI_T'ITJ TO P,SO TAPS, tT_ST RESTART RECORD WRITTEN -
110

1

DATE 071691 TIF_ 190852 RADIATION ANALYSIS SySTEJ_ (TRANYS) FORTRAN 77 VERSION

MO_EL-S_T CC(_'ZG,'S_ STEP-$

A_ Q COMPUTATION LINK.

VARIABIJS CURI_NT DEFAULT

NA_ VAL_

IA_I SCRAFT COrnY. NAME

LF_ SCRAFT CCaF. NAI4E
P.qO IJ6q 1 • 000 1 •000

RALB 1.000 1.000

RPLAN 1.000 1.000

MFIGCO SCI_ COt/F. NAPIS

SPAUECR_IrT TI_ RADIATION MODEL

ABS_ NP_T

DEFINITION

CI_ CONF. NAIa FOB IR GUT BODY FACTORS

CURRE_qT CONF. NN_ FOR SOLAR GRAT BODY FAC_

SOLAR HEAT IfJLTIPLIER

HEAT M_TLTIP LIER

p_ANETART HEAT MULTIPLIER

CI_T CONF, MASK FOB COBL_PONDENCE DATA ACCESS

_BSC_D Q STORED IN STEP 5

TOTAL TI!qB TO COHPUTE ABSOEBSD O - 0.0i

l
DATE 071691 TIlq_ 190852 _ RADIATION AHALYSIS STSTFJq (Tl_q.qYS) F(]RTIt.qN 77 VY,,q$ION

MODEL-SCR_ CC_IG-SCI%AFT STEP-_ SPACECRAIrT T_ RADIATION _KSDEL

DIRECT IRRADIATICW CAI_LATION LINK.

U_IR/DLE CURI_ DEFAULT DEFINITICN OPTIONS

HAME VALUE
++++ BASIC CONTROL PARAHETERE ++÷+

DIMOSH SHAD SHAD

DIACC 0.250 0.250

DIACCS O.100 0.100

NSPFY 0 0

TRUF..AN 180.000 0.000

TIMBST 0.0O0 0.000

ISOLFL 1 N/A

IALBFL 0 N/A

IpLAFL 0 N/A

DIPNCH NO NO

ISFAC NO TEN

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

HP 0.121GOB÷07 0.000

HA 0.12160E÷07 0.000

ECC 0.000 0.000
St,'NRA 0.000 0.000

SUNOEC 0.000 0.000

STRRA 0.000 0.0O0

STRD_C 0.000 0.000

SH_DONING C_ERRIDB FI_G

pLANETARY 7_C_q_'Y FACTOR

SHNX_NG ACCURACY FACTOE

S_ NO. POR pLANETARY FOPJ4 FACTORS

TRUE ANCI4ALY ANGLE, DEGREF..q
INITIAL TIMK ( AT PERI^PSIS )

BACK REPE]P_ FOR SO_ PLU'KES

_E _.'?.q_qCE FOR ALE_,_O FLUXES

BACK REIr_E FOR pLANETARY FLUXES

DIRECT INCIDENT FLUX pUNCH FLAG

PI_G TO WRITE SHADOW FACTC_S ON RSO

÷_++ BA.qIC ORBIT DATA ÷+++

LONGITUDE OF ASCENDING NODE, DEGREES

ARG_qI_T OF pERIFOCUS, DZ(_RP.Lq

ORBIT INCLINATION, DZGREBB

O_IT ALTITUDK AT PERI)_PSIS

ORBIT ALTITUDE AT APOA_SIS

ORBIT ECCENTRICITY

SUN RA ANGLE, DEGREES

SUN DEC ANGLE, DZ(;_EES

REFERENCE STAN RA ANGLE, DEGREES
REFF_UE 9TAN DEC ANGLE, DEGREES

SHAD, N(_H

0.000 0.000

0.000 0.000

ROTE 0.000 0.000
123 123

SUNCL 0.000 0.000

SUNCO 90.000 0.000

PLCL _0.000 0.O00

PLCO 90.000 0.000

L

DATE 071691 TIME 190852

sTEP NO.

STEP NO.

STEP NO.

TF.q, NO. T^PE

yY.q, NO

÷÷+÷ SUN -_3_IENTED, ORIENTATION DATA ++++

ROTATION A_)UT VC$ X-AXIS TO CCS

ROTATION A_OUT VCS Y-ANI$ TO CCS

ROTATION ABOUT UCS Z-AXIS TO CCS

ROTATION ORDER -- IROTX, IROTY, IROTZ

SUN L_ ANGLE - CLOCK, DEGREES

SUN LOOK ANGLE - CONE , DEGREES

PLA_T LOOK ANGLE - CIJOCK, DEGREES

pLANET L_OR ANGLE - CONE . DEGREES

TH_ RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

SPACECRAFT THERMAL RADIATION _SOOELNODELoSCRJ_rT CONFIG_SCR_rT STEP_

DIRECT IRP.qDIATION CALCULATION LINK.

÷+÷+ SPIN DATA +÷++

CIJOCK ANGLE, DEOR_ES(ABOUT CCS Z-AXIS CCW--POSITIVE)

CONE ANGLE, DEGREES

ROTATION RATE - CCW POSITIVE

TIME SPIN B_GIMS

0.000

0.009

0.067
0 • 129

0.139

0.193

0.250

0.260

0.309

0.310

CLOCK 0.000 0.000

CONE 0,000 0.000

RATE 0.000 0.000

TIMSP 0.000 0.000

59

$J

70

82

58

74

70

58

70

5t

pAG_ 35

OPTIONS

1

l

Is

18

3

16
18

3

18

3

(ANT CONF. NAME)

(ANY CONF. NN4_)
REAL NO.

REAL NO.
REAL NO.

(ANy CONF. NAME)

PAG_ 36

PAC.,Z 3.7
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TOLS

TOLP

NEAR

NPAR

IEFL

IPFL

0.500 0.500

0.750 0.750

N/A NONE

N/A NCME

YES YES

YE.q YES

++++ SHAI_U FACTOR APPLICATION DATA ++÷÷

TOLERANCE FOR SOLAR FLUX CAI,COLATIONS RZAL NO.

TOLERANCE FC8 PLANETARY FLUX CALCULATIONS REAL NO.

NA_S OF SOLAR NCOE N_'_R ARRAy ARRAY NAME

NA/4B OF p_TARY NODE _ ARRAY ARRAY NAME

FLAG TO SPECIFY METHCO OF SOLAR FLUX CALCULATIONS YES, NO
FIAG TO SPECIFY METHOD OF pLANETARy FLUX CALCULATIONS YES, NO

++++++++ STEP NO - 6

++++ CQMPUTED OR INPUT ORBIT DATA ++++

VALUE VARIABLE DESCRIPTION *t* VAIAiE VARIAJBLE DESCRIPTION

38.000 SUN ETA ANGLE, DEGREES 270.000 SUN CIG_4A ANGLE, DECREES

38.000 STAR BETA.q ANGLE, DEGREES 270.000 STAR CIGHAS ANGLE, DEGREES

++++ PLANET -- EARTH -- DATA ++++

VAIJ_ DESCRIPTION NA_ *** VALUE DESCRIPTION NA_

0.300 PLANET ALBEDO PALa 0.75073E+02 PLANET DE EMISS POWER NDS

0.20900E÷0| P[J_T RADIUS PRAD 0.75073E+02 PLANET SS EMIES POWER )gEE

0.15306E÷01 (_IT PERIOD PERIOD

0.41731E÷09 PLANET GRAV CONSTANT GRAV 0.42900E÷03 SOLAR CONSTANT AT PSD SOL
1

DATE 071691 TI/_ 190092 THERMAL RADIATION ANALYSIS SYSTEM (TI_y5) FCQTI_ 77 VERSION PAGE 38

MODEIPSCRATT CONFIG-SCRA!rT STEP-6 SPACECRAFT THERMAL RADIATION MODEL
DIRECT IP,RADIATION CAL_LATION LINX.

S01J_R DIRECT INCIDENT FLUN FOR STEP NO. 6 TRUE ANCI4ALy - 180.00000 TIME - 0.76936

++++ IN T_LE SUN ÷+++

NODE CQMPUTATION DIRECT UNSHADED SHADOW CP TI_ SURFACE SHADOWING

NI,'NBESS FLUX(QDS) FLtFK FACTOR (SECONDS) ELEMENTS SURFACES

1 ÷÷++++ 0.00000E+00 0.00000E+00 0.0000 0.000 0 0

2 ÷+++÷+ 0.00000E÷00 0.00000Z+00 0.0000 0.001 0 0

3 ÷÷++++ 0.42900E+03 0.00000E+00 0.0000 0.001 0 0
4 ++++++ 0.00000E+00 O.00000E÷O0 0.0000 0.001 0 0

5 ++++÷+ 0.00000E+00 0.00000E+O0 0.0000 0.002 0 0

6 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.002 0 0

7 ++++++ 0.42900E+03 0.0O000E+00 0.0000 0.002 0 0

8 ++++++ O.O0000E÷O0 O.00000E÷00 0.0000 0.002 0 0

9 ++++++ 0.42900E+03 0.00000E+00 0.0000 0.002 0 0

l0 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.003 0 0

NOTE--

FLUX VALUES FLAGGED (+++÷++) HAY HAVE COME FRO_4 RTI. THE FLUX DATA BLOCK,

STUFFED FROM ANOTHER STEP, OR FORCED TO ZERO IN DICOMP.

TOTAL ELAPSED TIME IN PROBLEM - 1.897 SECONDS

1

DATE 071691 TIME 190152 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

PIODEL_SCRAFT CONFIG-ECRAfT STEP-6 SPACECRAFT THERHAL RADIATION MCOEL

DIRECT IRRADIATION CAJ_LATION LINK.

ALBEDOAND PLANETARY DIRECT INCIDENT FLUXES FOR STEP

++++ IN THE SUN +÷++

NODE CO_UT ---DIRECT INCID. FLUX ..... UNEHAEOWED FLUX---

NI_R A/_EDO PLANETARY A3_DO PLANETARY

I CAI,C 0.931E+00 0.224E+02 0.931E+00 0.224E+02
2 CALC 0.000E+00 0.000E+00 0.000E+00 0.000E+00

3 CALC 0.293E+01 0.216E+02 0.293E+01 0.216E+02

4 CALC 0.970E÷00 0.448E+02 0.245Z÷01 0.681E+02

5 CALC 0.000E÷00 0.216E÷02 0.0O0E+OO 0.216E+02

6 CALC 0.931E+00 0.224E÷02 0.931E+00 0.224£+02

7 CALC 0.293E+01 0.216E+02 0.293E÷01 0.216E+02
8 CALC 0.000E÷O0 0.216E+02 O.000E+O0 0.216E+02

9 CALC 0.160E+01 0.101E+02 0.293E+01 0.216E+02

i0 CALC 0.000E+00 0.I01E+02 0.000E+00 0.216E+02

PAGE 39

NO. - 6 TRUE ANCNALy - 180.00000 TI_ - 0.76536

--SHADOW FACTORS-- CP TLHE --ELEMENTS-- SHAD

ALBEDO PLAN (SECONDS) PL_ SUP_ r SURF

1.000 1.000 0.000 58 9 6

0.000 0.000 0.004 58 8 0

1.000 1.000 0.026 58 8 7

0.395 0.65| 0.119 98 15 7

0.000 1.000 0.141 56 8 7

1.000 1.000 0.163 58 9 6

1.000 1.000 0.185 58 8 7

0.000 1.000 0.207 58 8 7

0.614 0.466 0.225 Sg 8 7
0.000 0.466 0.243 58 8 7

NOTE--

FLUX VALUES FLAGGED (++++++) HAY HAVE CQME FROM RTI, TRE FLUX DATA BLOCK.

STUFFED FROM ANOTHER STEP, OR FORCED TO ZERO _N DICOMP.

TOTAL ELAPSED TIME IN PROBLEM - 21162 SECONDS

S,A,P FLUXES HAVE BEER WRITTEN TO RSO TAPE, LAST REST_qT RECORD WRITTEN - 124

1

DATE 071691 TIM_ 190852 THERMAL RADIATION ANALYSIS SYSTEM {TRASYS) FORTRAN 77 VERSION

HODEL-SCR_T CONFIG_SC'!_U_rT STEP-6 SPACECRAFT THERHAL RADIATION MODEL

ABSONB_D O CO_UTATION LINK.

ABSORBED HEAT

VARIABLE CURRENT DEFAULT DEFINITION

N/_ VALUE

PAGE

OPTIONS

40
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IA_;81 SCRAFT COlIF. NAIa

IAQGaS SCRAFT C0mF. NAME

P,SOLAR 1. 000 1. 000
RALB 1.000 1.000

P_LAN 1.000 4.000

I_F I OCO SCRAFT ¢¢1T. NA/4E

CURRENT CONF. NAME _ lR GRAY BODT FACTOU

CURRENT CONF. NAME FOR SOLAR GRAY BODY FACTORS

SOLAR HEAT _LTIPLIER

AL_ 8F2qT MULTIPLIER
pI2qNETARY HEAT MULTIPLIER

CURREIqT CONF. NA/_E FOR CCBRLqPOMDENCZ DATA ACCZ_L_

(ANY CONF. NAME)
(ANY CONF. NAME)

REAL NO.

RZAL NO.

PEAL NO.

(ANT CONF. NAME)

A/LqOI_EJED 0 STCRED INSTEP S

TOTAL TI/_ TO C_4PUTE ABSOP.BED Q - 0.01

1

DATE 071651 TIME 190852 THERMAL RADIATION ANALYSIS SYSTEM (TRASY$) FORTRAN 77 VERSION

MODK_S(_A/rT CONFIG-_CRAFT STF.*P-? SPACECRAFT THERMAL RAOIATION MODEL

DIRECT IRRADIATION CALCULATION LINIK.

VARIABLE CURRENT DEFAULT DETINITION OPTIONN

NAME VALUR
++++ BASIC CONTROL pARAP_TER.q ++++

PAGZ 41

DINOSH SHAD SHAD

DIACC 0.250 0.250

DIAECE 0.100 0.100

NSPFF 0 0

TRUEAN 225.000 0.000

TI/_qT 0.000 0.000

ISOLFL 1 N/A

_L 0 N/A

IPIAFL 0 N/A

DIPNCH NO NO

IIFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

HP 0.12160E+07 0.000

HA 0.12160N+07 0,000

ECC 0.000 0.000

SUMRA 0. 000 0. 000

SUNDEC 0.000 0.000

STRRA 0.000 0.000

STRDEC 0. 000 0. 000

ROTX 0.000 0.000

ROTY 0. 000 0. 000

ROTZ 0 . 000 0 . 000
123 123

SUNCL 0. 000 0. 000
SUNCO 90. 000 O. 000

pLCL 121.619 0.000

pLOD 56.137 0.000

1

DATE 071691 TIME 190|52 THERMAL

NODEL-SCRAFT CCMFIG_SCRAFT STEp-T

DIRECT IRRADIATION CALCULATION LINK.

SHAEONING OVERRIDE FLAG

PLANETARY ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. FOR pLANETARY FOP_q FACTORS

TRUE ANCMALT ANGLE, DEGREE3

INITIAL TD_ { AT PZRIAPSIN )

BACK I_FY.RI_ rOtq SOL_ FLUX]Lq

I_.,FG_ENCI_ FOR AL_DO rt,UXlr--q

BACK REFERENCE FOR PIJ_NETANY FLU_ZS

DIRECT INCIDENT FLUX pUNCH FLAG

FLAG TO NRITE SHADOI FACTORS ON RSO

÷+++ BASIC ORBIT DATA ÷+++

LONGITUDK Or ANCENDING NO_, DEGREES

ARGLMENT OF pERIFOCUS, DEI_%I_'..S

ORBIT INCLINATION, DEGREES

ORBIT ALTITUDE AT PZNIAPSIS
ORBIT ALTITUDE AT APC_q_SIS

ORBIT ECCENTRICITY
SUN RA ANGL_, DEGREES

SUN DZC ANGLZ0 DZG_EV..q

REFERENCE STAR RA ANGLE, DEGREES

REFERENCE STAR DZC ANGLE, DEGREES

SHAD, NO6H

STEP NO.

STEP NO.

STEP NO.

YES,NO, TAPS

YEN,NO

+÷++ SUN -CRIENTED. ORIENTATION DATA ++++

ROTATION ABOUT VCN X-AXIS TO CCS

ROTATION ABOUT %'CS y-AXIS TO CCS

ROTATION ABOUT V_S Z-AXIS TO CCS

ROTATION ORDER -- IROTX. IROTYo IROTZ

SUN LOOK ANGLE - CIDCK, DEGREE3

SUN IXX)R ANGLE - CONE , DEGREES

pI_NET LOOK ANGLE - CLOCK, DEGREES

PLANET LOOK ANGLE - CONE , DEGREES

RAOIATION ANALYSIS SYSTEM (TRASY$) FONTRAN 77 VERSION

SPACECRAFT THERMAL RADIATION _EL

PAGE 42

CLOCK 0.000 0.000

CONE 0,000 0.000

RATE 0.000 0.000

TIM_P 0.000 0.000

++++ SPIN DATA ++++

CLOCI( ANGLE, DF,G_._S(ABOUT CCS Z-AXIS CCW-POSITIVE)

CORE ANGLE, DEGREES

ROTATION RATE - CCM POSITIVE

TIRE SPIN E_GINS

TOLS 0.500 0.$00

TOLP 0.750 0.TS0

NSAR N/A NCR_

NeAR N/A NC%E

ISFL YES Y_q

IPFL YES TE.q

++++ SHADOW FACTOR APPLICATION DATA ++++

TOLERANCE FOR SOLAR FLUX CALCULATIONS REAL NO.

TOLERANCE F_q PtANZTARY FLUX CAbCULATIONS RZAL NO.

NA/_ OF SOLAR N_! NUMbeR ARRAY ARRAY NAME

NAR_ OF PLANETARY NODE NUMBER ARRAY ARRAT NAME

FIAG TO SPECIFY NETflCO OP SOLAR FLUX CALC_LATIONG YES. NO

F_ TO SPECIFY METHOD OF pI2_ETARY FLUX CALCULATIONS . YES, NO

+++++÷+÷ STF2P NO - 7

VALUE

38.000

38.000

+++÷ COM/PUTED OR INPUT ORBIT DATA ++++

VARIABLE DESCRIPTION *** VAI.UE VARIABLE DESCRIPTION

SUN BETA ANGLE. D£GREES 270.000 SUN CIG/4A ANGLE, DEGREES

STAR &ETAS ANGLE, D£GREES 270.000 STAR CIGMAS ANGLE, D£GREES

VALUE

0.300

0.20900E+00

0.15306E+01

++++ pLANET -- EARTH -- DATA ++++

DESCRIPTION NA/_ *"* VALUE DESCRIPTION NAME

PLANET ALEEDO PAL_ 0.75073[+02 pLANET DS EMISS pOWER _D$

PLANET RADIUS pP.AD 0.75073Z÷02 PLANET SS EMI$S POMER WSS

ORBIT PERIOD pERIOD
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o

pLAnT GIRAV CONSTN(T0,41731Z+09 GRAV 0.42900E+03 SOIAR CONSTANT AT PSD SOL

1

DATE 071691 TIME 190052 T_ RADIATION ANALYSIS SYSTEM (TRASY$) F(N_TRAN 7"/ VERSION PAGE 43

MOD_LmSCI_T CC_IG--,q(_ STEP-7 SPACECI_ THER_ RADIATION ME, EL

DIRECT IRRADIATION _LATION LINK. •

SOLAR DIRECT INCIDENT FLUX _OR ST_ NO. ? TRUE ANCI4ALY - 225.00000 TI/_ - 0.95670

++++ IN THE SUN +÷++

NOD2 CQMPUTAT ION DIRECT UN SHADO_ SHJMDOM CF TINK SURFRE2 SHADOWING

N!.Q4DERS FLUX (QDS) FLUX FACTOR (SECONDS) ELEMENTS SUI_'ACES

1 ++++++ 0.000002+00 0,00000E+00 0.0000 0.000 0 0

2 ++++++ 0,000002+00 0.000002+00 0.0000 0.001 0 0

3 ++++++ 0.429002+03 0.000002+00 0.0000 0.001 0 0

4 ++++++ 0.000002+00 0.000002+00 0.0000 0.001 0 0

5 ÷+÷+++ 0.000002+00 0.000002+00 0.0000 0.002 0 0

6 ++÷+++ 0.000002+00 0.000002+00 0,0000 0.002 0 0

7 ++++++ 0.429002+03 0.000002+00 0.0000 0.002 0 0

$ ++÷+++ 0,000002+00 0.00000E+00 0.0000 0.002 0 0

9 ++++++ 0.429002+03 0.00000Z+00 0,0000 0.002 0 0

10 ++++++ 0.000002+00 0.00000E+00 0.0000 0.003 0 0

NOT2- -

FLUX VALUES FLAGGED I++++++) MAy HAVE CONE FRON RTI, THE FLUX DATA BLOCK,

STUFFED FRON ANOTHER STEP. OR FORCED TO ZERO IN DICOMP.

TOTAL ELAPSED TIHE IN PROBLEM - 2.1|9 SEcc_qDS

I

DATE 071691 TIME 190853 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

NODI_I/-SCI_T CONF]C,-SCRAfT STEP-7 SPACECRAFT THERMAL RADIATION _2L

DIRECT IRRADIATION CALCULATION LINK.

ALBEDO AND PLANETARY DIRECT INCIDENT FLU'A_ FOR STEP NO. -

++++ IN TH2 SUN ++÷+

NODE COI_UT ---DIRECT INCID. FLUX ..... UNSHA/)Oq_D FLUX---

N_ER ALBEDO PLANETARY AI.,J_.DO PLANETARY

1 CALC 0.345E+02 0.4492+02 0.345E+02 0.44_+02
2 CALC 0.174E+01 0.275E+01 0.174E+01 0.276E+01

3 CALC 0.0232+01 0.9122÷01 0.023E+01 0.9122+01

4 CALC 0.283E+02 0.371Z+02 0.4022+02 0.521E+02

5 CALC 0.2612+02 0.395E+02 0.2612+02 0.395E+02

6 CALC 0.413E+01 0.607E+01 0.413Z+01 0.6072+01

7 DALC 0.823g+01 0.9122+01 0.823E+01 0.912E+01

| CAL,C 0.257E+02 0.389E+02 0.2G12+02 0.395E+02

9 CALC 0.371E÷01 0.400E+01 0.8232+01 0.912E+01

10 CALC 0,180E+02 0.282E+02 0.261Z+02 0.3952+02

pAGE 44

7 TRUE ANCNALY - 225.00000 TIME - 0.95670

--SHADOW FACTORS-- CP TIME --E_NTS--

AI25EDO PLAN (SECONDS) PLAN SURE'

1.000 1.000 0.000 74 16

0.995 0.997 0.009 5S 1

1.000 L.000 0.020 58 3

0.703 0.713 0.003 $2 1S

1.000 1.000 0.I42 70 10

1.000 1.000 0.151 50 1

1.000 1.000 0.162 51 3

0.987 0.905 0.220 70 10

0.451 0.439 0.230 58 3

0.692 0.715 0.278 70 18

NOTE--

FLUX VALUES FLAGGED (++++++) MAy HAVt CCI_ E'R_ RTI, THE FLUX DATA BL.OCK.
STUFFED FRONANOTHER STEP, OR FORCED TO ZERO IN DICQMP.

SHAD

SURF

6

7
7

7

7

6

7

7

7

7

TOTAL ELAPSED TIME IN PR_LEM - 2.522 SECONDS

S,A,P FLUXES HAVE BEER WRITTEN TO RSO TAPE. LAST RESTART RECTO WRITTEN - 138

i

DATE 071691 TIME 190054 THERMAL RADIATION ANALYSIS SYSTEM (TRA,qYS) FORTRAN 77 VERSION

HODEL-SCRAFT CONFIG-SCRAFT STEP-7

AJSSC_EQ_D O CO_UTATION LINK.

VARIABLE CURRENT DEFAULT

NN._ VALUE

I_I SCRAFT CONF. NAJ,_.

IAQGBS SCRAFT CONF. NAJ,_,
P.SOIJ_q 1.000 1.000

RAL8 1.000 1.000

EPLAN 1.000 1.000

NFIGCO SCRArr CCHF. NAVY.,

SPACECRAFT THERMAL RADIATION YK_DEL

ABSORBED HEAT

DEFINITION

CURRENT CONF. NA/4E FOR IR GRAY BODY FACTORE

CURRENT CONF. NAME FOR SOLAR GRAY BODY FACTORS

SOLAR HEAT MULTIPLI2R

ALB2DO PLEAT MULTIPLIER

PLANETARY NEAT MULTIPLI2R

CURRENT CONF. NAME FOR CORRESPONDENCE DATA ACCESS

AOS_BED Q STORED IN STEP 7

PAGE, 45

OPTIONS

(ANY CONF. NAME)

(ANY CONF. NAME)

REAL NO.

REAL NO.

REAL NO.

(ANY CONF. NAME)

TOTAL TIME TO CO_UTE ABSORBED Q - 0.01
i

DATE 071691 TIME 190854 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEL-SCRAFT CONFIG-SCRAFT STEP-6 SPACECRAFT THERMAL RADIATION PK_OEL

DIRECT IRRADIATION CALCULATION LINK.

VARIABLE CURRENT DEFAULT DEFINITION OPTIONS

NAJ,_. VALUE

÷+++ EL_IC CONTROL PARAMETERS ++++

DINOSH SHAD SHAD

DIACC 0.250 0.250

DIACCS 0.100 0.100

NSPFF 0 0

TRU_ 270.000 0.000

TIMEST 0.000 0.000

[SOLFL 1 N/A

SHADOWING OVERRIDE FLAG

PLANETARy ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. FOR PLANETARY FORM FACTORS

TRUE ARCI_Y ANGLE, DEGREES

INITIAL TIME { AT PERIAPSIS )

BACK REFERENCE FOR SOLAR FLUXES

SKID, NOSH

STEP NO.

PAGE 46
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ZAI,BFL 0 NIA

IPLAWL 0 NIA
DZPNC_I NO NO

ISFAC NO YES

ALAN 90,000 0.000

API:_. 0.00G 0.000

OINC $2.000 0.000

0.121608+0? 0.000

Y_ 0.12160E+07 0.000

• CC 0.000 0.000

0.000 0.000

SUNOIC 0.000 0.000

STRRA 0.000 0.000

SI_0ZC 0.000 0.000

BACK REFERENCE FOR ALBZDO FIAr_,S

RACK P, EtLRENCE FOR PI,_TETARy FLU_S

DIRECT INCIDENT FL_X P_CH FLAG

FLAG TO WRITE SHAD_e FA_S ON R_O

+÷++ BASIC ORBIT DATA ÷++÷

L(R(GITUDE OF _SCENDING _ODg, D[GP_U

Or PERIJ_OCVS, DBGil"rs

ORBIT INCLINATION, DEGREES

(]IBXT ALTITUDE AT PERIAPSIS

ORRIT ALTITUDE AT APOAPsIS
ORBIT ECCENTRICITY

SIM DEC PJ(GI_, OZG_ER

Rnq_l_W;'l STAR I_ ,I_tGI_, DEGrEe3

REFERE_C_ STAR DEC ANGLE, DEGREES

0,000 0.000

_OI"Y 0. 000 0. 000

0,000 0.000

123 123

N/_CL 0.000 0,000

St_CO 90.000 0.000

FLCL 100.000 0.000

PLCO 30.000 0.000
1

0_1_ 071691 TIME 190854

MOI_EL-SCRAFT C_NFIG--SCRArT STEP-8

DIRECT IRRADIATIO_ CALCULATION LINK.

++÷+ SUN -QRIFJ_TED, ORIENTATION DATA ++++

ROTATION ABOUT VCS X-AXIS TO CC_

ROTATION ABO_T VCS T-AXIS TO CC._

ROTATION ASOI_ VCS Z-AXIS TO CC_

ROTATION ORDER -- IROTN, IROTY, IROT|
SUN LOOK ANGLE - CIDCKo DEGKE.F._

SUN LOOK N(GIJ_ - C_ , DEGREER

PIANET LOOK ANGLE - CLOCK, DEGREES

PLANET LOON ANGLE - CONE , DEGREER

RADIATION ANALYSIS SYSTEM (TRASTS) FORTRAN 77

SPACECRAFT THERMAL RADIATION MKX)KL

STEp NO.

STEP NO.

TES, NO, TAPK
YES,NO

V_SION PAG_ 4?

CLOC_ 0.000 0.000

CORE 0.000 0.000

_4TE 0.000 0.000

TIMSp 0.000 0.000

+++4" SPIN DATA ÷+++

CIJ_C_ ANGLE° DEGREES(ABOUT CCS Z-AXIS CCW-POSITIVE)
CORE N_GLE, DEGREES

ROTATION RATE - CCN POSITIVE
TIME SPIN BEGINS

TOLE 0.500 0.500

TOUP 0.750 0.750

NSAB N/A

RAN N/A NOm[

ISFL YES _'_s

IPFL YE.5 yES

+÷+÷ S_DO_ FACTOR APPLICATION DATA ++++

TOLERANCE F_t SOLAR FLUX CALCULATIORS

TOLERANCE FOR PLANETARy FLUX CALCULATIONS RZAL NO.
NAI_ OF SOLAR N_l)lt N_G_B ARRAy PZAL NO.

NA_4K OF PLANETARY NODE N_4BER ARRAy ARRAy NAME
ARRAy NA_E

PLAG TO SPECIFT METHOO OP SOLAR FLUX CALCULATION_ YES, NO

FI_G TO SPECIFT NKTHO0 OF PL_qETART FLUX CAIEUI_TIONS YBS, NO

+÷++++++ STEP NO - 0

++++ C'_I[D OR INPUT ORBIT DATA ++++

VALUE VARIABLE DESCRIPTIOR *** VALUE VARIABLE DESCRIPTION

30.000 SUN _TA ANGLE, DV..GIIE_
30.000 STAR _TA3 ANGLE, DEGREES 270.000 SUN CIGMA ANGLE, DEGREES

270.000 STAR CICJ4A3 ANGLE, DECREES

++++ PLANET -- EARTH -- DATA +÷÷+

VALUE DESCRIPTION NA_ *** VALUE DESCRIPTION NAME

0,300 PL_XET AL_ZDO PALB 0.75073E+02 PL/_T DS EMISS PO_B WDS

0.20900S+00 pLANET RADIUS PRAD 0.75073E_02 pLANET SS ENISS POt_R WSS0.15306E+01 _mIT PERIO0 P_qIOO
0.41731E÷0% P,[JU(ET GRAV CORSTNqT

I GRAV 0.42900E_03 SOLAR CONSTANT AT PSD SOL

DATE 071691 TIMK 190854 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION PAGE 40

NODEL-SCRAFT CONFIG-SCRAFT STEP--0 SPACECRAFT THERMAL RADIATION HOOEL
DIRECT IRRADIATION CALCITLATION LINK.

SOIAR DIRECT I_IDERT FLUX FOR STEP NO.
0 TRUE ANOMALy - 270.00000 TI_4_ - 1.14104

++++ IN THZ SUN ++++

NODE C_UTATIOR DIRECT UNSBADO_ED SHN_CM CP TIHE SURF_'_ SHJ_O_NG

Nt_BERS F_(QDS) FLUX FACTCR (SEGO_OS} ELEMENTS SURFACEB

i ++++++ 0.00000S+00 0.00000E+00 0.0000 0.000 0 0

2 _+++++ 0.00000S+00 0.00000E+00 0.0000 0.001 0 0

3 ++++++ 0.42900E+03 0.00000S+00 0.0000 0.001 0 0

4 ++++++ " 0.00000E+00 0.00000E+00 0.0000 0.001 0 0

$ ++++++ 0.00000S+00 0.00000S+00 0.0000 0.002 0 0

6 ++++++ 0.00000E+00 0.00000Z+00 0.0000 0.002 0 0

7 ++++++ 0.42_00S+03 0.00000Z+00 0.0000 0.002 0 0

l +÷++++ 0.00000E+00 0.00000E+00 0.0000 0.002 0 0

9 ++++++ 0.42S'00E+03 0.00000E+00 0.0000 0.002 0 0

10 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.003 0 0

N(_'_" - -

FLUX VALUES FLAGGED (++++++} NAy HAV_ COI_ F'RO@I RTI, THE FLUX DATA BI.,OCX,

STUFFED FRC_ANOTH_R STEP, OR FORCED TO ZERO IN DICOHP.
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TOTAL ELAPSED TIME IN PRCBLEM - 2.550 SECCtql)S
1

DATE 071691 TIME 190654 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77

MKDDEIPSCRAVT DONFIC,-SCmJ_T STEP-e SPACECRAFT THERMAL RADIATION _OOEL
DIRECT IRRADIATIDU CALCUDATION LINE.

A1,BEDO AND PIANZTARY DIRECT INCIDENT FLUXES FOR STEP NO. - |

++++ IN THE SUN ++++

VERSION PAGE 49

TRITE ANOMALY - 270.00000 TIRE - 1.14804

NODE O0flFlFr ---DIRECT INCID. FLUX ..... t_VSHADOI_D FLUX .... S_FACTORS--

NI_IB_R ALBEDO pLANETARY _DO PLAMETART ALBEDO PLAN

1 CALC 0.6056+02 0.$516÷02 0.6056+02 0.5916+02 1.000 1.000

2 CALC 0.164Z+02 0.1546+02 0.2356÷02 0.224B+02 0.696 0.685

3 CALC 0.S6SE+01 0.4676+01 0.5656+01 0.4676+01 1.000 1.000

4 CALC 0.1646+02 0.1546+02 0.2356+02 0.2246+02 0.696 0.605
S CALC 0.472N+02 0.4776+02 0.4726+02 0.4776+02 1.000 1.000

6 CALC 0.1116+01 0.13SE+OI 0.IllE+01 0.13SE+01 1.000 1.000

7 CALC 0.5156+01 0.4246+01 0.SESE+01 0.4676+01 0.911 0.906

8 CALC 0.4091+02 0.4136+02 0.4726÷02 0.4776÷02 0.865 0.167

9 CALC 0.5156+01 0.4246+01 0.$65Z÷01 0.4G?E+01 0.911 0.908

I0 CALC 0.4096+02 0.4136+02 0.4726÷02 0.4776+02 0.865 0.867

CP TIME --ELEJ_NTS-- SHAD

(SECONDS) PL&N SURF SURF

0.000 94 16 6
0.021 50 | 7

0.031 5a 2 7

0.051 58 8 7

0.125 82 18 7

0.133 50 1 6

0.142 58 2 7

0.208 82 18 7

0.217 50 2 7
0.202 82 10 7

MOTE- -

FLUX VALUES FLAGGED {++++++) HAY HAVE COME FROM RTI, THE FLUX DATA BLOCK,

STUFFED FROM ANOTHER STEP, OR FORCED TO ZERO IN DICC_.

TOTAL Z£APSMD TIME IN PROBLEM - 2. 910 SECD_IDS

S,A,P FLUXES HAVE BEEN WRITTEN TO PRO TAPE, L_ST RESTART RECC4_D WRITTEN - 152

1

DATE 071691 TIME 190054 THERMAL RADIATION ANALYSIS SYSTEM (T_YS) FORTRAN 77 VERSION

HODEL-SCRAFT CGWFIG-*SCRAFT STEP-I

ABSORBED Q COICIFrATION LINt(.

VARIABLE CURRENT DEFAULT

N/_ _- VALUE

IAQGBI SCRAFT CONF. NAME

IAQGSS SCRAFT CONF. NAPE

RSO I,_R 1. 000 1. 000

RALB 1.000 1.000

RFLAN 1.000 1.0O0

NF I GCO SCRAfT CCNF. NAHB

SPACECRAFT THERMAL RADIATION MCOZL

ABSORBED HEAT

DEFINITION

CURRENT CONF. NAME r(]_ IR GRAY BODy FACTORS

CURRANT CONF. NAME FON SOLAR GRAY BODY FACTORS
SOLAR I_,AT MULTIPLIER

AUBEDO HEAT HULTIPLIER

PLAMETANT NEAT MULTIPLIER

CURRENT CONF. N_ FON CORRESPONDENCE DATA ACCESS

AJ_CI_BED Q STC_ED IN STEP |

PAGE 50

OPTIONS

(ANY CONF. NAME)

(ANY CONF. NAHE|

REAL NO.

REAL NO.

REAL NO.

(ANY CONF. NN4E)

TOTAL TIME TO C_UTE ABSORBED Q - 0.01
I

DATE 071691 TIME 190854 TNERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEIPSCRAFT CONFIG_SCRAFT STEP-9 SPACECRAFT THERMAL RADIATION H(X)EL

DIRECT IRRADIATION CALCULATION LINE.

VARIABLE CURRENT DEFAULT DEFINITION OPTIONS

NAME VALUE

++++ _IC CONTROL pARAMETERS ++++

DINOSH SHAD SHAD

DIACC 0.250 0.250

DIACCS 0.100 0.100

NSPFF 0 0

TRUEAN 315.000 0.000

TIREST 0,000 0.000

ISOLFL I N/A

IALBFL 0 N/A

IPIAFL 0 N/A

DIPNCH NO NO

ISFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

HP 0.12160Z+07 0.000
HA 0.121606+07 0.000

ZCC 0.000 0.000

SUNRA 0.000 0.0O0

SUNDEC 0.000 0.000

STP.RA 0.000 0.000

STNDEC 0.000 0.000

SHADOWING OVERRIDE FL_G

PLANBTARY ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. FOR pLANETARy FORM FACTORS

TRUE ANOMALY ANGLE, DEGREZS

INITIAL TIME ( AT PERIAPSIS )

_tACE REFERENCE FOR SOLAR FLUXES

BACK RZFERENCE FOR ALBEDO FLUXES

BACK REFERENCE FOR PLANETAN¥ FLDX_ZS
DIRECT INCIDENT FLUX PUNCN FLAG

rl_ TO WRITE SH_J)OW FACTORS ON PRO

+÷++ BASIC ORBIT DATA ++++

LGNGITt_DE OF ASCENDING NODE, DBGRE_

ARGUMENT OF PERIFOCU5, DEGREES

ORBIT INCLINATION. DEGREES
ORBIT ALTIT_D_ AT PERIAPSIS

OMIT ALTITUDE AT APOAPSIS

ORBIT ECCENTRICITY

SUN HA ANGLE, DEGREES

SUN DEC ANGLE, DEGREES

REFERENCE STAB HA ANGL_, DEC_ZZS

REFERENCE STAR DEC ANGLE, D_CREZS

SHAD, N(ISN

STEP NO.

STEP NO.

STEP NO.

YPR, NO, TAPE

YES, NO

ROTX 0.000 0.000

ROTY 0.000 0.000

ROTZ 0.000 0.000

123 123

SUNCL 0.000 0.000

SUNCO 90.000 0.000

PLCL 238.381 0.000

PLCO 56.137 0.000
1

DATE 071691 TIME L90|54

++++ SUN -ORIENTED, ORIENTATION DATA ++++

ROTATION ABOUT VCS X-AXIS TO CCS

ROTATION ABOUT VCS Y-AXIS TO CCS

ROTATION ABOUT VCS Z-AXIS TO CCS

ROTATION ORDER -- IROTX, IROTY, IROTZ

SUM LCOK ANGLE - CLOCK. DEGREES

SUN LOOK ANGLE - CONE , DEGREES

PIANET LOOK ANGLE. - CLOCK, DEGREES

PLANET LOOK ANGLE - CONE , DEGREES

THERJ4AL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

PAGE 51

PAGE 52
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o

MODZL-SCRAFT COIfFIO-SCRAFT STEP-9

DIRECT IRRADIATIDM CAL_TION LIME.

SpAcECRAFT THERMAL RADIATION MODEL

CLOCK 0.000 0.000

CORE 0.000 0.000

RAI_ 0.000 0.000

TIMSP 0.000 0.000

++÷÷ SPIM DATA ÷+++

CLOCK ANGLE, DEGREES(ABOUT CcE Z-AXIS CCW_POSlTIVE)

CORE ANGLE° DEGREES

ROTATICM RATE - CCM POSITIVE

TI.)_ 5PIM D_GINS

TOLS 0.500 0.500

TOLP 0.7S0 0.750

NS_q M/A NGOIK

NPAR N/A J_88K

ISFL YES YES

IPFL YES YES

++++ SHADOW FR_ APPLICJLTZOM DATA ++++

TOL_ FCM S(_ FLUX CAL_TI(_S REAL NO.

TO_ _ pLAN_TAItY FLUX CALCUIJ_TIORS REAL IK).

MN, m OF SOLAR IK_E _ ARRAY ARRAY MAME

MA_l OM' pLAI_TAi_f ROIMK _ ARRAY ARRAY NN,_

FLAG TO SpEcIFY MZTHO0 OF 5OLAR FLUX CALCVLATIOMS Y_$,NO

FLAG TO SPECIFY METHCO _ pLANETARY FLUX CALCULATIOMS YES,NO

++÷+++++ STEP MO - 9

+÷++ CC_UTED Oa I_UT ORBIT DATA ++++

VALUE VARIABLE DESCRIPTION *** VALUE VARIABLE DESCRIPTION

38.000 SUM RETA ANGLE. DEGREES 270.000 SUN CIGMA ANGLE° DEGRSP.q

38.000 STAR 5ETA& AMGLE, DEGR_ 270.000 STAR CIGMAS ANGLE, DEGREES

DZSCRIPTICN

0.300 PIJ_41T A£_.DO

0.209008+0| P_T RADIUS

0.153068+01 ORBIT pERIOO

0.41731E+09 pIANET GRAV CONSTANT

1
DATE 071591 TIJ_ 190054 THERMAL RADIATION ANALYSIS SYSTFJ4 (TRASYS) FCmTRAN 77 VERSION

M_L_SCRAFT C_IG-4CRAFT STEP-9 SPACECRAFT THERMAL RADIATION MCOEL

DIRECT IRRADIATION CAL_IATION LIME.

++÷+ pLANET -- EARTH -- DATA ++++

NA_ "'* VALUE DESCRIPTION NAME

PALB 0.750738+02 pLANET DS F.,MI$S pOttER WDS

PR_ 0.750738+02 PLANET SS EMI_ _R WSS

pERIOD

GRAV 0.429008+03 3OZJ_R CONSTANT AT PSD SOL

PAGE 53

SOLAR DIRECT INCIDENT FLUX FOR STEP NO. 9 TRUE AN(_4ALY - 315.00000 TI)_ -

++++ IN THE SUN ++++

NODE CC_UTATION DIRECT UNSHA_D EHADON CP TIRE SURF^RE sHADOWING

_!_$ pLUX(GDS) FLUX FACTCR (SECONDS) ELEMENTS SURFACES

1 ++++++ 0.00000E+00 0.0000OR+00 0.0000 0.000 0 0

2 ÷+++++ 0.00000E+00 O.00000E+00 0.0000 0.001 0 0
3 ++++++ 0.429008+03 0.00000E+00 0.0000 0.001 0 0

4 ++++++ 0.00000E+00 0.000008+00 0.0000 0.001 0 0

5 ++++++ O.O0000E+O0 O.O0000E+O0 0.0000 0.002 0 0

6 ++++++ O.O0000E+O0 O.O0000E+O0 0.0000 0.002 0 0

? ++++++ 0.42900E+03 0.00000E+00 0.0000 0.002 0 0

0 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.002 0 0

9 ++++++ 0.42900R+03 0.00000E+00 0.0000 0.002 0 0

10 ++++++ O.O0000E+O0 O.O0000Z+O0 0.0000 0.003 0 0

1.33939

HOTE--

FLUX VALUES FLAGGED (++++++) MAY HAVE CC_ FRC_ RTI, TH8 FLUX DATA BLOCK,
STUFFED FR(SM ANOTHER STEP. OR FORCED TO ZERO IN DICO_P.

TOTAL EL_SED TI_ IN pROBLEM -- 2.939 SECONDS

1

DATE 071691 TIME 190854 T_ R_DIATION ANALYSIS SYSTEM (TP._._YS) FORTRAN 77 VERSION

MDDELoSCRAFT C_IG--_CRAFT STEP-9 SPACECRAFT THERMAL RADIATION M_OEL

DIRECT IRRADIATION CALCULATION LIME.

ALBEDO AND PL%JmTART DIRECT INCIDENT FLUX]_$ POR STEP NO. - 9
++++ IN THE SUN ++++

MOD_ C(_UT ---DIRECT INCID. pLUX .... UNSHA_O_D FLUX---

N_ AL_ PL_ETART AL_ pLANETARY

i CALC 0.345R+02 0.44_q_+02 0.345E+02 0.449E+02

2 CALC 0.2838+02 0.3718+02 0.4028+02 0.5218+02
3 CALC 0.823E+01 0.9128+01 0.8238+01 0.9128+01

4 _ 0.1T4E+01 0.275E+01 0,1748+01 0.276E+01

5 CALC 0.261E+02 0.395E+02 0.2618+02 0.3958+02

6 CALC 0.41_E+01 0.607E+01 0.4138+01 0.6078+01

7 CALC 0.3"'_01 0.4008+01 0.|23E+01 0.9128+01

8 CALC 0.3_08-02 0.2028+02 0.261E+02 0.3958+02

9 C._LC 0.8_)8_01 0.9128+01 0.0238+01 0.9128÷01

10 CALC 0.257E_02 0.3598+02 0.2618+02 0.3958+02

PAGE 54

TRUE ANOMALY -- 315.00000 TI_ - 1 .'_3939

--$14ADO_ FACTORS-- CP TIME --ELE/_NTS-- SHAD

ALSEDO PLAN (SECONDS) PLAN SURF SURF

1.000 1.000 0.000 74 16 6

0.703 0.713 0.064 02 18 7

1.000 1.000 0.095 58 3 7

0.995 0.997 0.083 58 1 7

1.000 1.000 0.142 70 18 7

L.000 1.000 0.151 58 1 6

0.451 0.439 0.1GI 58 3 7

0.692 0.715 0.210 70 lO 7

1.000 1.000 0.221 58 3 7

0.9ST 0.985 0.27| 70 18 7

HOTE- -

FLUX VALUES FLAGGED (++++++) MAT HAVE, CC_ FR_ RTI. THE TLUX DATA BLOCK.
- STUFFED FROM ANOTHER STEP. OR FC_CED TO ZERO IN DICCMP.
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TOTAL EIAIPSBD TI.qB IN PRCIBI.,_J( - 3.271 6ECCNDS

$,A,P FLUX]Lq I'IAVI ]_ WRITTEN TO RBO TAPE, I.JLqT RESTART _ NBTTT_N - 166

1

DATR 071E91 TINR 19G|SS THERM&L RADZATIOM ANALYSIS SYSTEM (TRA3YS) FCMTRAR 77

MOOBL,,,SCRAfT COltTIG-4C_ S_-9

Q C(],IffUTATIOM r:rNl[.

VARZABIJ_ CURRENT DEFAULT

NA/41 VALUK

TJ_I SClLqrr CONF. NAI4K

T_ SCP_Q_ CORF. NANR

I_qOLAR 1 . 000 1 . 000

1.000 1.000

RPLAN 1.000 1.000

NFIGCO SCI_UrF CCNF. NAMR

SPACZCI_ T_ I_%D][ATION IqCDP_,

A._I_ HL'qT
DrJ'I NZ TION'

C_RRI_4T CONF. NA_ FOR IR GRAY BODY FACTO_

CVRREMT CONF. NA/_ FOR SOLAR GRAy BODy FACTCRS

SOLAR FE.AT MULTIPLIER

ALBEDO HEAT MULTIPLIER

PIJ_TARY H_T MULTIPLIER

ctr_T CONF. N_ F(Nt CORP.E,qPONDZNCE DATA ACCESS

ABSOREID Q STCMI_ IN STEP 9

VERSION PAGE 55

OPTIONS

(ANY CONF. NAME)

(ANY CONF. NAME)

REAL NO.

REAL NO.

REAL NO.

(ANY CONF. N_)

TOTAL TI/_ITOCCHPUTEAJLqORBEDQ - 0.01

1

DATE 071691 TIMZ 190656 THERMAL RADIATION ANALYSIS SYSTEM (TRAEYS) FORTRAN 77 VERSION

HODEL,-SCRAFT CONFIG_SC_AII_STEP--10 SPACZCRAET THERMAL RADIATIONNODEL
DIRECT IRRADIATION CALCULATION LINK.

VARIABLE CURRENT DEFAULT DEFINITION OPTIONS

FAME VALUE

++++ BASIC CONTROL pARAMETERS ++++

DINOSH SHAD SHAD

DIACC 0.250 0.250

DIACCS 0.100 0.100

NSPFF 0 0

TRU_ 31.9|5 0.000

TI_ST 0. 000 0 . 000

ISOLFL 1 N/A

IALBFL 0 N/A

IP LAFL 0 N/A

DIPHCH NO NO

ISFAC NO YES

90.000 0,000
APE2_ 0.000 0.00O

OINC 52.000 0,000

HP 0.12160E+07 0.000

HA 0.12160E+07 0,000

_CC 0.000 0.000

SUlfA 0.000 0.000

SUNDF._ 0.000 0.000

STRRA 0,000 0.000

STRDEC 0.000 0.000

SHADCMZNG OVERRIDE FLAG

PLANETARY ACCURACY FACTOR

_NG ACCURACY FACTOR

STEP NO. FON P_J%NETABY FORM FACTORS

TRUE AMCR_LY AHGLE, DEGREES

INITIAL TIME ( AT PERIAPSIS )

BACK REFERENCe- rOR SOLAN FLUXES

BACK REFERENCE FOR _DO PU/XES

BACK RE_ERENCE FOR PI_J4ETABT PLURE$

DIRECT INCIDENT FLUX PUNCH FLAG

FI,_G TO _ITE ENADCN FACTORS ON P_O

÷+++ BASIC ORBIT DATA ÷+÷+

L(N4GITUDE ON A.q(_NDING NODE, DEGREES

ARGUMENT OF PERIPOCUS, DEGREES

ORBIT INCLINATION, DEGREES
ONBIT ALTITUDE AT PERIAPSIS

ORBIT ALTITUDE AT APQAPSIS

ORBIT ECCENTRICITY

SUN RA ANGLE, DEGREES

SUN DEC ANGLE, DEGREES

REFERENCE STAB RA ANGLE, DEGREE.q

REFERENCE STAR DEC ANGLE, DEGREES

SHAD, NC_H

STEP NO.

STEP NO.

STEP NO.

YES, NO, TAPE

YES,NO

ROTX 0,000 0.000

ROTY 0.000 0.000

gOTZ 0.000 0.000

123 123
SUHCL 0.000 0.000

BUNCO 90.000 0.000

PLCL 291.031 0.000

PLCO 114.671 0.000

1

DATE 071691 TIME 190856

MODEL,-SCRA_T COt/FIG,-SCRAFT STEP-10

DIRECT IRRADIATION CALCULATION LINE.

++++ SUP -ORIENTED, ORIENTATION DATA ++++

ROTATION ABOUT VCS X-AXIS TO CDS

ROTATION ABOUT VCB T-AXIS TO CCS

ROTATION ABOUT VCB Z-AXIS TO CCS

ROTATION ORDER -- IROTX, IROTY, IROTZ

SUN L_OK ANGL_ - CLOCK, DEGREES

SUN L_OK ANG r_ - CCHE , DEGRE_

PLANET L_XSK ANG rm_ - CLOCK, DEGRE Ir-q

PI,q.qET L_OE ANGLE - CONE , DEGRELq

THERMAL RADIATION ANALYSIS SYSTEM (TRA.SyB) FORTRAN 77 VERSION

SPACECRAFT THERMAL RADIATION MODEL

PAGE

PAGE

56

57

CLOCK 0.000 0.000

CONE 0.000 0.000

HATE 0,000 0.000

TIMSP 0.000 0.000

++++ SPIN DATA ÷÷+÷

CLOCK ANGLE, DEGREES(ABOUT CCS Z-AXIS CCW--POSITIVE)

CONE ANGLE, DKGREE.q
ROTATION RATE - CCW POSITIVE

TIME SPIN 8_GINS

TO_q 0.500 0.500

TOLP 0.750 0.750

NEAR N/A NONE

NPAN N/A NONE

ISFL YES YES

IPFL YES YES

÷÷++ SHADOW FACTOR APPLICATION DATA ++++

TOLERANCE FOR SOLAR FLUX CAL_ULATIOWS REAL NO.

TOLERANCE FOR PI.ANETANY FLUX CALCULATZUNS REAL NO.

NAR_ Or SOLAR NCOE NUMBER ARRAY ARRAy NAME

NA/_ OF pLANETARY NODE NUMBER ARRAy ARRAy NAME

FLAG TO SPECIFY METHOD OF SOLAR FLUX CALCULATIONS YES. NO

FLAG TO SPECIFY HETHO0 OF PLANETARY FLUX CALCULATIONS YES,NO

VALUE

++++++++ STEP NO - I0

++++ COMPUTED OR INPUT ORBIT DATA ++++

VARIABLE DESCRIPTION *** VALUE VARIABLE DESCRIPTION
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38,000 SUN RETA ANGLE, DEGREES 270.000 SUN CIC_I_ ANGLE. DEGREES

38.000 STAR RETAN ANGLE, DEGREES 270.000 STAR CI(;_.S A_GLE. DEGREES

- ++++ pIIkNZT -- EARTH -- DATA ÷+++

VAZL'E C_SCRZPTZON NA/a *** vALUE DZSCR IPTION NA/qE

0.300 pIJUIET ALBEDO PALB 0.70073E+02 PLANET D$ EJ4ISS POM_R WDS

0.20900E÷09 PLANET RADIUS PRAD 0.73073E÷02 PLANBT 53 EMISE POUZR t939

0.15306E+01 ORBIT pENIOD PREIOO
0.417311+09 PIANET GRAV CONSTANT GRAV 0.42900E+03 SOLAR CONSTANT AT PSD SOL

1
DATE 071691 TIME 190856 _ RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION pAGE 51

SPACZCRArT THKP.MAL RADIATION MOOELMODEL,,,.SCRALrT CONFIG-SCRAFT STEP-10

DIRECT IRRADIATION _I_TION LINK.

SOLAR DIRECT INCIDenT FLUX FOR STEP NO. 10 TRUE AJQMALY - 31.98434 TIRE - 0.13600

++++ IN THE _ ++++

NODE CCP_UTATION DIRECT UNSHADOI_ SHADOW C_P TIRE IURIeACZ SHADOWING
NU/_ERS FIAFX(QDS) FLUX FACTCR (S_'ONOS) E_S SURFACES

1 ++++++ 0.00000K÷00 0.00000g+00 0.0000 0.000 0 0

2 ++++++ 0.000009+00 0.00000Z+00 0.0000 0.001 0 0

3 ++++++ 0.42$00E÷03 0.00000K+00 0.0000 0.001 0 0

4 ++++++ 0.000003÷00 0.00000E÷00 0.0000 0.001 0 0

5 +÷++++ 0.00000E+00 0.00000K÷00 0.0000 0.002 0 0
6 ++++++ 0.00000E+00 0.00000K+00 0.0000 0.002 0 0

7 +++++÷ 0.42900E÷03 0.000001+00 0.0000 0.002 0 0

8 ++++++ 0.00000E+00 0.00000Z+00 0.0000 0.002 0 0

9 ++++++ 0.42900E÷03 0.00000E+00 0.0000 0.002 0 0

10 +++r++ 0.00000E+00 0.00000E+00 0.0000 0.003 0 0

NOTE- -

FLUX VALUES FLAGGED (÷+++++) W,J_Y HAVE COME FROH RTI, THE FLUX DATA BLOCK,
9TUFTED FNOI ANOTHER STEP, OR FORCED TO ZERO IN DICOI_.

TOTAL EIAPSED TIRE IN PROBL_q - 3.301 SECCUDS

1
DATE 071691 TI/4K 190|56 THERMAL P.ADIATION ANALYSIS SYSTEM |TRASYS)

MODEL,_SCRAFT CCmFIG_SCRAFT STEP_10 SPACECRAFT THERMAL RADIATZON MODEL

DIRECT IRRADIATION _IATION LINK.

AND pI._.NSTARY DIRECT INCIDENT

FORTRAN 77 VERSION PAGE 59

FLUXES FOR STEP NO. - 10 TRUE ANONALY - 31.98454 TIRE - 0.13600

++++ IN TRE SUN ÷++÷

NODE CCtfUT ---DIRECT INCID. FLUX ..... UMS_D FLUX ..... SHAEOW FACTOES--

NU/_BBR _ PLANETARY ALm_DO pLANETARY _DO PLAN

1 CALC 0.000E+O0 0.952E÷01 0.000E+00 0.952E÷01 0.000 1.000

2 CALC 0.000E+00 0.362E+02 0.000E÷00 0.584E÷02 0.000 0.621

3 CALC 0.000E+00 0,347E+02 0,000E÷00 0.347E+02 0.000 1.000

4 CALC 0.000E+00 0.000E+00 0.000E+00 0.373E÷00 0.000 0.000

5 _ 0.000Z÷00 0.120Z+02 0.000E÷00 0.120E+02 0.000 1.000

6 CALC 0.000E+00 0.3|7E+02 0.000B+00 o.307E+o2 o.ooo 1.000

7 CALC 0.000E+O0 0.215E+02 0.000E+00 0.347E+02 0.000 0.620

| CAI,C 0.0OOE+00 0.418E+01 0.000E÷00 0.120E+02 0.000 0.349

9 C.ALC 0.000E+00 0.346E+02 0.000E+00 0.347E÷02 0.000 0.996

10 CALC 0.000E÷00 0.120E+02 0.000E+00 0.120E+02 0.000 1.000

CP TIJ4Z --ELEMENTS-- SHAD

(SECONDS) PIIqN SURF SURF

0.000 50 4 6

0.082 98 L0 7

0.131 68 IS 7

0.136 51 1 7

0.134 58 6 7

0.203 70 16 6

0.243 61 15 7

0.233 58 6 7

0.304 68 15 7

0.319 58 6 7

NOTE- -

FLUX VALUEE FLAGGED (++++++) HAY HAVE CCI4E FROH RTI, THE FLUX DATA BLOCK,
STUFTED FRCN ANOTHER STEP, OR FORCED TO ZERO IN DICOI_.

TOTAL ELAPSED TIRE IN PROBLFJ4 - 3. 633 SECONDS

S,A,P PLUXES HAVE BEER WRITTEN TO RSO TAPE, _T RESTART RECOND WRITTEN - 160

1

OATE 071691 TIME 190636 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

NOOEL-SCRAFT COWFIG-SCRAFT STEP-10

ALqQP, BED O CO_UTATION L/RE.

VARIABLE CURRENT DEFAULT

NA/,'m: VALUK

IAQG_I SCRAfT CONF. NAI,_
ZAQG_S SCRAFT CONF. NN_

R_O LAR 1. 000 1. 000

HALB 1.000 1.000

RPLAN 1.000 1.000

NFI GCO SCRAFT CONF. NA_

SPACECRAFT THZRHAL RADIATION MOOZL

ABEOREED HEAT

DEFINITION

CURRENT CONF. NAME FOR IR GRAY BODY FACTORS

CURRENT CONF. NAHE FOR SOLAR GRAY SODY FACTORS

SOLAR HEAT MULTIPLIER

ALEEDO NEAT MULTIPLIER

PIANETARY HEAT MULTIPLIER

CURRENT CONP. NAHE FOR CORRESPONDENCE DATA ACCESS

&BSOREZD O STORED IN STEP 10

TOTAL TIRE TO C(_/PUTE ABSOREZD O - 0.01

I

DATE 071691 TIME 190856 TH_R/4AL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODZIPSCRA_T CONFIG-SCRAFT STEP-f1 SPACECRAFT THERMAL RADIATION HOOEL

DIRECT IRRADIATION CALCULATION LINK.

PAG_ 60

OPTIONS

(ANT CONF. NAME)

(ANY CONF. NAME)
REAL NO.

REAL NO.

REAL NO.

(ANY CONF. N_H_)

PACE 61
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VARIABLE CURRENT DEFAULT DEFINITI{M OPTIONS

NAI_ VALUE
++++ _IC COMTMOL PARAI_TEI_ ÷+÷+

DIMOSH SHAD

DIACC 0.250 0.2S0
DIACC.q 0.100 0.100

NSPFF 0 0

TRUEAN 32.185 0.000

TIMEST 0. 000 0. 000

ISOLFL ZERO N/A

IAIJSFL ZEmO N/A

IPLkFL 10 N/A

DIPNCH NO NO

ISFAC NO YES

ALAN 90,000 0,000

APER 0.000 0.000

DIN(: 52,000 0,000

_P 0.12180E+07 0. 000

HA 0.12160E÷07 0.000

ECC 0,000 0.000

SUNRA 0. 000 0. 000

8UNDF_ 0.000 0.000

3TRRA 0.000 0.000

STRDEC 0. 000 0. 000

S_ING GVERRIDE FLAG

PLANETARY ACCURACY FACTOR
SHADO_NG ACCURACY FACTOR

STEP NO. FOR PIJqNETARy FORM FACTCRS

TRUE ANO4ALY ANGLE, DE_.EU
INITXAL TIME ( AT PEEXAPSIN )

BACK REFERENCE L_R SOLAR FLUXES

_K REFERENCE 'FOR ALBZDO FIA;XZ 't

BACK REFF.,RENCE FOR PLANETARY FLUXES

DIRECT INCIDENT FIUX P_NCH FLAG

FLAG TO MRXTR S_ F,_'TCRS ON UO

++++ B_IC ONIXT DATA ÷+++

I_GITVDI OF ASCENDING 19011, DEG.q_U

ARGUI_J4T OF PERIFOCUS, DEGREE//

ORBIT INCLINATION, DEGREES

ORBIT ALTITUDE AT PERIAPSIN

ORBIT ALTITUDE AT APOAPSIS

ORBIT ECCEMTR IC ITT

SUM RA ANGLE. DEGREES

SUN DEC ANGLE. DEGREES

REFERENCE STAR RA ANGLZ, DEGRZES

REFERENCE STAR DP,C ANGLE, DEGREES

S J'bqD. NOSH

STEP NO.

STEP NO.

STEP NO.

YES, NO, TAPE

YES,NO

ROTX 0.000 0.000

ROTY 0,000 0.0O0

• OTZ 0.000 0.000

123 123

SUNCL 0. 000 0. 000
SUNCO 90. 000 0. 000

PLCL 291.180 0.000

PLCO 114.810 0.000

I

DATE 071691 TIME 190056

HOOP-L-SCRAFT COh'FIG--SCRAFT STEP-11

DIRECT IRRADIATION CALCULATION LINE.

+÷++ SUN -_IrJ4TED, ORIENTATION DATA ++++

ROTATION ABOUT VCS X-AXIS TO CCS

ROTATION ABOUT VCS Y-AXIS TO CCS

ROTATION ABOUT VC$ Z-AXIS TO CCS

ROTATION ORDtR -- IROTX, IROTYo INOTZ

SUM LOOK ANGLE - CLOCK, DEGREE3

SUN LOOE ANGLE - CUME , DEGREES

PIANET LOOE ANGLE - CI.,CCK. DEGREES

PIANET LOOK ANGLE - CONE , DEGREY,.q

THERMAL RADIATION ANALTSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

SPACECRAFT THERMAL RADIATION _EL

CLOCK 0.000 0,000

CONE 0.000 0.000

RATE 0.000 0.000

TIESF 0.000 0,000

++++ SPIN DATA ÷+++

CLC_ ANGLE, DEGREES[ABOUT CCS Z-AXIS CCW--POSITIVE)

CONE ANGLE, DEGREES

ROTATION RATE - CCW POSITIVE

TIME SPIN DEGINS

PAGE 62

TOLS 0.500 0.500

TOLP 0.7S0 0.750

NSAR N/A NONE

NPAR N/A NCt_E
ISFL YES YES

IPFL YES YES

++++ SHADOW FACTOR APPLICATION DATA ++++

TOLERANCE FOR SOLAR FLUX CALCULATIOWS REAL NO.

TOLERANCE F_ PIJLMETARY fLUX CALCULATI(AqS REAL NO.

NAY_ OF SOLAR NOOE NUMBZR ARRAy ARRAY NAMZ
NA/_mL OF PLANETARY NODE NUMBLq ARRAY ARRAY NAME

FLAG TO SPECIFY METHOD Or SOLAR FLUX CALCULATIONS YES,NO

FLAG TO SPECIFY METHOD OF pLANETARy FLUX CALCULATIONS YES,NO

VALUE

38. 000

30. 000

++++++++ STEP NO - 11

÷+++ CCNPUTED OR INPUT ORBIT DATA +++÷

VARIABLE DESCRIPTION *** VALUE VARIABLE DESCRIPTION

SUM m_TA ANGLE, DEGREES 270.000 SUM CIGHA ANGLE, DEGREES

STAR tarTAR ANGL_, DEGREES 270.000 STAR CIG_ ANGLE, DEGREES

VALUE

0.300

0.20900E+05

0.15306E+01

0.41731E+09

1

DATE 071691 TIME 190856

NODEL-SCRAFT CQflFIG-SCRAFT STEP-11

DIRECT IRRADIATION CALCULATION LINK.

++++ pLaNET -- _ARTH -- DATA ÷+++

DESCRIPTIOW MARE *** VALUE DESCRIPTION NAME

PLAM_T ALaEDO PALE 0.75073E+02 pLANET DS _MISS POt_R WDS

PIANET RADIUS PRAD 0. 75073E+02 PLANET SS ZMISS PO4_R NSS

ORBIT PER IOD PESIOD

PIANET GRAV CCNSTART GRAV 0. 42300E+03 SO[JUt CONSTANT AT PSD SOL

THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) F(_qTRAN 77 VERSION PAGE 63

SPACECRAFT THERMAL RADIATION HCOEL

SOLAR DIRECT INCIDENT FLUX FOR STZP NO. II TRUE ANC_tALy - 32.18454 TINE - 0.13685

++++ IN THE SHADE ++_+

DIRECT UNSHAD(3WED SHADOW CP TIHZ

FLUX(_DS) FLUX FACTOR (SECONDS)

O.00000E+O0 0,000O0E÷00 0.000O 0.000

O.O0000Z+O0 O.O0000E÷O0 0.0000 0.001
O.O0000E÷O0 O.O0000E+O0 0.0000 0.001

O.O0000E+O0 O.O0000E+O0 0.0000 0.001

O.O0000E÷O0 O.O0000Z+O0 0,0000 0.002

0.00O00E+00 0.00000E+00 0,0000 0.002

0.0O000E+00 0.00000E+00 0.0000 0.002

SURFACE SHADOWING

ELEMENTS SURFACES

0 o

0 0

0 0

0 0

0 0

0 0

0 0

MODE COMPUTATION

N_MBERS

1 ++++++

2 +÷++++

3 _+++++
4 _+++++

5 ÷+++++

6 ++++++

7 ÷+÷+++
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| +++++÷ 0.00000E+00 0.00000Z÷00 0.0000 0.002

9 ++*+÷+ 0.00000E+00 0.00000Z+00 0.0000 0.002

10 ++++++ 0.00000E+00 0.00000E+00 0.0000 0.003

NOTE--

FLUX VALVES FLAGGED (++++++) MAT HAVE _ FROM RTI. THE FIA;X DATA BLOCK,
STUFFED FR(314 ANOTHER STFJ, OR FORCED TO ZERO IN DICtiOn.

TOTAL II._J?SED TIIW IN pRCBLF, q - 3. BE9 SECCIIDS

1
9ATE 071691 TIME 1908S6 THERMAL RADIATION ANALYSIS SYSTEM (TRR_TS)

MOI_IL-SCRAFT CONFIG"S(_AFT STEP-It SPACECRAFT THERMAL RADIATION _ODEL

DIRECT IRRADIATION CALCULATION LINK.

ALBEDO AND ptANETARY DIRECT INCIDENT FLUKES FOR STEP NO. -- 11
÷+++ IN THE SHADE ++++

f_mqTRAN 77 VERSION

TRVE ANCMAL¥ -

NODE COI_UT ---DIHECT INCID. FLUX ..... UNS_ FLUX .... SHADOW FACTORE--

NUI_IR ALBEDO PLANETARY AL2RDO PLANETARY AL2BDO PLAN

1 +++÷++ 0.000E+00 0.952E+01 0.0ODE+00 0.000g+00 0.DO0 0.000

2 ++++++ 0.000E+00 0.362E+02 0.000E+00 0.000E+00 0.000 0.000

3 ++++++ 0.000B+00 0.3471+02 0.000K+00 0,000Z+00 0.000 0.000

4 ÷+++++ 0.000E+00 0.000E+00 0.000E+00 0.000Z+00 0.000 0.000

5 ++++++ 0.000K÷00 0.120E+02 0.000Z+00 0.000E+00 0.000 0.000

6 ++++++ 0.000Z+00 0.357g+02 0.000Z+00 0.000E+00 0.000 0.000

7 +÷÷,H.+ 0.000E+00 0.215Z+02 0.000B+00 0.000E+00 0.000 0.000

0 ++÷+++ 0.000E+00 0.4lIE+01 0.000Z+00 0.000E+00 0,000 0.000

9 ÷+++++ 0.000B+00 0.346K+02 0.000Z+00 0.000E+00 0.000 0.000

10 ++++++ 0.000E+00 0.120Z+02 0.000E+00 0.000E+00 0.000 0.000

PAVE 64

32.18454 TIRE - 0.136|5

CP TIME --ZLERBNTS-- SHAD

(SECONDS) PLAN SURF SURF

0.000 0 0 0

0,001 0 0 0

0.001 0 0 0

0.002 0 0 0

0.002 0 0 0

0.002 0 0 0

0.002 0 0 0

0,002 0 0 0

0.003 0 0 0

0.003 0 0 0

NOTZ- -

FLUX VALVES FLAGGED (++++++) MAT HAVE C(_W_ FROM RTI, THE FLUX DATA BLOCK,
STUFFED _RQM ANOTHER STEP, OR FORCED TO BEND IN DICCNP.

TOTAL ELAPSED TIME IN PROBLFJ( - 3. 672 SECDNDS

$,A,P FLUKE& HAVE BEER WRITTEN TO UO TAPE, I._ST RESTART RECORD WRITTEN - 194

1
DATE 071691 TIME 1KISi THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

NODEL-SCRAFT CONFIG-SCRAFT gTEF-II

ABSCBRED Q _UTATION LillE.

VARIABLE CURRENT DEFAULT

NAME VALUE

IAQGBI SCRAFT CCt_ r . NAI_

IAQGBS SCRAFT CONF. NAI_

RSOLAR 1.000 1.000

1.000 1.000

EPLAN 1.000 1.000

_F IGCO SCRAFT CONF. NA_

SPACECRAFT THERNAL RADIATION H(X)EL

ABSORBED HEAT

DEFINITION

CURRENT CONF. NAPJB FOR IR GRAY BODY FACTORS

CURRENT CONF. NA_4E FOR SOLAR GRAY BODY FACTORS

SOLAR h_AT HULTIPLIER

ALaEDO HEAT MULTIPLIER

PIANETART HEAT MULTIPLIER

CURRENT C01W'. NAME FOR CORRESPONDENCE DATA ACCESS

PAG_ 65

OPTIONS

(ANY CONF. NAME)
(ANY CONF. NA_IE)

REAL NO.

REAL NO.

REAL NO.

(ANY CONF. NANE)

ABSORBED Q STORED IN STEP 11

TOTAL TIF_ TO COMPUTE ABSORBED O - 0.01

I

DATE 0T1691 TIME 1908ST THERMAL RADIATION A_ALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

MODEL-SCRAFT CCNFIG-SCI%AFT STEP-12 SPACECRAFT THERMAL RADIATION NODBL

DIRECT IRRADIATION CAL_JIATION L/RE.

VARIABLE CURRENT DEFAULT DEFINITION OPTIONS

NAME VALUE
+++÷ BASIC CONTROL PARAMETEI_ _+++

PAVE 66

DINOSH SHAD SHAD

DIACC 0.250 0.250

DIACCS 0.100 0.100

NSPFF 0 0

THUEAM 148.015 0.000

TIREST 0.000 0.000

ISOL_L i N/A

IAI_FL 0 N/A

IPIAFL 0 N/A

DIPNCM NO NO

ISFAC NO YES

ALAN 90.000 0.000

APER 0.000 0.000

OINC 52.000 0.000

HP 0.12160E+07 0.0O0
HA 0.12160E+07 0.000

ECC 0.000 0,000

SUt_qA 0.000 0.000

SUNDEC 0,000 0.000

STRRA 0.000 0.000

STROEC 0.000 0.000

SHADORZNG OVERRIDE FlAG

PLANETARY ACCURACY FACTOR

SHADOWING ACCURACY FACTOR

STEP NO. F_B pIAHETARy FORM FACTGRS

THVE ANONALY ANGLE, DEGREES

INITIAL TIF_ ( AT PZRIAPSI$ )

BACK REFERENCE FOR SOLAR FLUXES

BACK REFERENCE FOR ALSEDO FLUXF..5

BACK REFERENCE FOR pIJ_NETART FLUXES

DIRECT INCIDENT FIA,'X PUNCH FLAG
FLAG TO WRITE SHADOM FACTORS ON RSO

++++ BASIC ORBIT DATA ++++

LONGITUDE D_ ASCENDING NODE, DEGREES

ARGUMENT OP PERIFOCUS. DEGREES

ORBIT INCLINATION, DEGREES

ORBIT ALTITUDE AT FERIAPSIS

ORBIT ALTITUDE AT APOAPSIS

ORBIT ECCENTRICITY

SUN RA ANGLE, DEGREES

SUN DEC ANGLE, DEGREES

R_FEREMCE STAR RA ANGLE, DEGREES

REEERENCE STAR DEC ANGLE, DEGREES

SHAD, NO_K

STEP NO.

STEP NO.
STEP NO.

YEN, NO, TAPE

YES, NO

++++ SUN -(3RIENTED. ORIENTATION DATA ++÷+
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ROI"X 0,000 0.000

ROTT 0.000 0.000

ROTI 0.000 0,000

123 ],23

SUMCL O. 000 0 • 000

SUIfCO 90. 000 0 • 000

PLCL 6S . 969 0 • OOO

PLCO 114.171 0,000
1

DAT_ 071191 TIME INIS?

ROTATICII ABOUT YeS X-AXIS TO CCS

ROTATXON ABOUT _S Y-AXIS TO CCS

ROTATXQN ABOUT VCS Z-AXXS TO CCS

ROTATZOW ORDIR -- IROTXoIROTT, IROTZ

_RI LO0_ mOLE - C_, DEGREES

SDR LO(X ANGLE - COIll , DEGREES

PU_WET LOOK A#GLS - CIX)CX, DEGREES

PU_IT _ A_GLE - COUE , _GREES

IUDIATION ANALYSIS SYSTEM (TRR.qTS)

MODIL,,"SCRAFT CCWFIG.-SCRAFT STEP-12

DIRECT IRRADIATION _IATION LINg.

FORTRAN ??

SPT_ THERHAL P£DIATIOB NCOEL

VERSION PAGZ 67

CLOCK 0.000 0,000

CORE 0.000 0,000
RATE 0.000 0.000

TIItSP 0.00O 0.000

++++ RPIM DATA ++++

CLOAK ANGLEo DBGREES(ABO_T CCS Z-AXIS CCW-_OSITIVE)
CORE AJGLEo DEGREES

ROTATION RATE - CCI POSITIVE

TLt_¢ SPIN REGIN$

TOM 0.500 0.500

TOLP 0.750 0.T50

HBAR BIA

NPAR NtA
ISFL YE3 YES

IPFL YES YES

++++ SHAgOK FRCTOR /_FLICATION DATA ++++

TOLERANCE _ SOLAR FLUX _TIONB REAL NO.

TOULRANCK FOR PUUIKTNtT FLUX C.ALCULATIOfS REAL NO.

NAI,I Oe" SOLAR NGOE NY,RBKR ARRAy .aRRAy

XA/! OF PL,NqETARY _ _ ARRAY ARRAy

FIAG TO SPECIFY I_BTHOD OF SOLAR FLUX CALCULATIONS YES. NO

F_G TO SPECIFY METHOD OF PIJUf_TARY FLUX CALCULATIONS YES,_O

++++++++ STEP NO - 12

++++ C()_UTED OR INPUT ORBIT DATA ++++

VALUE VARIABLE DESCRIPTIOF *** VALUE VARIABLE DESCRIPTION

31.000 SUM _TA ANGLI, DEGREES 270.000 SUN CIGMA ANGLE, DEGREES

3S.000 STAR BETJU ANGLE, DEGREES 270.000 STAR CIGMAS ANGLE° DEGREES

+÷++ PLtJMET -- EARTH -- DATA ++++

VAEJUI DgSL_ IP TIQN RA_ se *** VALUE DE_'R IPTIC_ NAME

0.300 pLANET ALBEDO PALB 0.TSOT3R+02 PLANET DS EMIS5 FONER WDS

0.20SO0E+OS PLANET RADIUE PRA0 0. TSO73E+02 PLANET SS EMISS FOYER WSS
0.15306E+01 (XtBIT PERIOD PERIOD

0,41T31E+0$ pLANET GRAV COWSTAXT GRAV 0.42900E+03 SOLAR CONSTANT AT PSD SOL

1

DATE 071691 TIME 19005? THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FCaTNU_ 77 VERSION PAGE 68

MDDEL--SCRAFT CODFIG--SCRAFT STEP-12 SPACECRAFT TNERMAL RADIATION MOOEL

DIRECT IRRADIATION CALCULATION LINK.

SOLAR DIRECT INCIDENT FLUX FOR STEP NO. 12 TRUE ANOMALy - 148.01546 TIRE - 0.62936

++++ IN TMB SUN ++++

NODE CONI=UTAT ION DIRECT UXS_ SHADON CP TIRE SURFACE 5HADONING

Nt_BER_ PLUX (_DS) FLUX FACT_ (SECONDS) ELEMENTS SURFACES

1 +++++÷ 0.00000B÷00 0.00000E+O0 0.0000 0.000 0 0

2 ++÷++÷ 0.00000E_00 0.00000E+00 0.0000 0.001 0 0

3 ++++÷÷ 0.42900E÷03 0.O0000Z_00 0.0000 0.001 0 0

4 +++++÷ 0.00000E÷00 0.O0000S_00 0.0000 0.001 0 0

S ++++++ 0.00000B+00 0.00000S÷00 0.0000 0.002 0 0

6 ++++÷÷ 0.00000E+00 0.00000E÷00 0.0000 0.002 0 0

7 ÷++++÷ 0.42900E+03 0.0000OB÷00 0,0000 0.002 0 0

l ++++++ 0.00000E+00 0.00000S+00 0.0000 0.002 0 0

9 +++++÷ 0.42_00K+03 0.00000E+00 0.0000 0.002 0 0

10 ÷+_++÷ O.00000E÷00 0.00000E+00 0.0000 0.003 0 0

NOTE- -

FLUX VALUES _ (÷+++++) MAY RAVE CO_ FROH RTI, THE FLUX DATA BLOCK.

STUFFED FR(]( ANOTHER STEP, OR _ORCED TO ZERO IN DICONP.

TOTAL EIJ_SED TIME IN pROBLEM - 3. 705 SECONDS

I

DATE 071691 TIM_ 19005? TF[_q_kL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

MDDEL-SCRAFT CONFIG=SCRAFt STEP-12 SPACECRAFT THERMAL RADIATION HGOEL

DIRECT IRRADIATIOB CALCULATION LINK.

AL_EDOAND PLANETARY DIRECT INCIDENT FLUXES FOR STEp NO. -

++++ IN THE SUN ++++

NODB C(At_T ---DIRECT [NCID. FLUX ..... _NSHADOWED FLU'X---

Nt_ER ALBEDO PLANETARy ALBEDO PLAnETArY

1 CAL_ 0.000E+00 0,952E+01 0.00OE+00 0.952E+01

2 CALC 0.000E+00 0.000E+00 0.000E+00 0.S?SE+00

3 CALC 0.000g+00 0.347E+02 0.000E+00 0.347E+02

4 CAI,C 0,000E+00 - 0.362E+02 0.000Z+00 0.584E_02

5 _ 0.000E+00 0.120E+02 0.000E+00 0.120E+02
6 CALC 0.000Z+00 0.3|7E+02 0.000E+00 0.387E+02

7 _AL_ O.O00E+O0 0.346E+02 0.000E+00 0.347E+02

PAGE 69

12 TRUE AN(]WALy - 148.01546 TI_ - 0.62936

--SIL_OW FACTOES-- CP TIME --ELEP_NTS-- SHAD

ALHDO pLNi (SECONDS) pIAN SURF SU;LP

0.000 1.000 0.000 51 4 6

0.000 0.000 0.009 58 1 7

0.000 1.000 0.057 68 15 7

0.000 0.621 0.137 98 18 7

0.000 1.000 0.153 58 6 7

0.000 1.000 0.202 70 16 6

0.000 0.99| 0.250 68 15 7
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| CALC 0.000E_00 0.120E+02 0.000E+00 0.120Z+02 0.000 1.000

9 CALC 0.0O01÷00 0.215E+02 0.000E÷00 0.347E+02 0.000 0.620

10 CALC 0.OO0E+00 0.418K÷01 0.000E_00 0.120K+02 0.000 0.349

MOTI--

FLUX VALUES _ (÷+++++) MAy _AVE CCI4E FRCI4 RTI, THE FLUX DATA BLOCK,
0_ FRON _ STEP, O_ FORCED TO ZERO IN DICGle.

TOTAL EL&PIED TI/'_ IN pRCSLE/4 - 4.035 SF, CCMDS

S,A,P FLUXES [.,_VIL BEEN WRITTEN TO R.qO TAPE, L,_ST REST.aRT RECCMD NRITTEN - 200

1

DATE 0716_1 TIME 190857 THERMAL RJ_)._.TIOM NIIT_,Y'eI5 SYETIU4 (TMA._Y$) F_qTlq_q ?T VI_IqSIOM

MOOs:L...SCRJ_T CCNFXG-SCR,_rT STEP-12

_bSCBBB.D Q C:(]_ITrATION I,_NK.

V_I_ CURRENT D_A_T

NARm VALUE

IAQGBI SCRAFT CCMF. NAla

IAQ_S SCRAFTCCmr._AME
RSOLAX 1.000 1.000

RALB 1.000 1.000

_LAN 1.000 1.000

_IGCO SC'RArF CCI_'. NNll

SpACZCRAIeT _ RADIATION MODEL

ABSORBZD ;._..AT

D_eINITION

CURRENT CONF. NN_ FOR IN GRAY BODY pACTO_

CURRENT CONF. NN_ FOR SOLAR GMAY BOOT FA_

SOLAR _AT MULTIPLIER

ALBEDO NEAT MULTIPLIER

pLANETARY HFIkT _LTIPLIER
_T CONF. _ FCR CQI_PONDENCZ Z]4TA ACr'wSS

ABSORBED O STONED IN STEP 12

TOTAL TIME _ CCHPUTE _ Q - 0.01

1
DATE 071691 Tl_q_ 190857 THERMAL IV_OIATION N_ALYSIS SYSTEM (Tl_q.qTS) FORTRAN 77 V_qSION

HDDZL_SCRAIrT CO_IG_CRRFT STEP-13 SPACZCRAFT THERMAL RADIATION MODEL

DIRECT IRRADIATIOW _L_TIOM LINK.

VARIABLE CURREMT C_FAULT DEFINITICM OPTIONS

HANK VALUE
++++ B_IC CONTROL pARAMSTZR.q ÷+÷+

DINOSH SHAD SHAD
DIACC 0. 250 0. 250

DIACCS 0.100 0.100

NSPFF 0 0

TMUEAN 147.815 0.000
TIBET 0.000 0.O00

ISOLFL ZERO N/A

IAI_rL ZERO N/A

IpIAFL 12 N/A

DIPNCH NO NO

ISFAC NO YES

ALAN 90.000 0.000
APER 0.000 0.000

OINC 52.000 0. 000

_p 0.12160E+07 0.000

HA 0.12160Z+07 0.0O0

ECC 0.000 0.000

SUNI_q 0.000 0.000

SUNDEC 0.000 0.000

STI11_A 0.000 0.000

STRI)EC O. 000 0. 000

ROTX 0.000 0.000

PgYI'Y 0.0O0 0.000

ROTE 0.000 0.000
123 123

SUNCL 0.000 0.000

SUNCO 90.000 0.000

PL_L G8.020 0.000

pLCO 114.818 0.000

1

DATE 071601 TIN_ 190857

S_%DO_ING OVERRIDE FLAG

pLAnETARY ACCURACY FACTOR

SHADOWING ACCURACT FACTOR

STE_ NO. FOR p_TARY FORM FA_S

TRUE ANCMALY ANGLE, DEGREES

INITIAL TIME ( AT PERIAPSIS )

B,s.CE RElrERZNCE FOR SOLJ_ FLUXES

BACK REFERENCE FOR AL_ZDO pLIFXES

_ACK REFERENCE FOR pI._NETART F_JXZS

DIRECT INCIDENT FLUX pUNCH FLAG
FLAG TO WRITE SHADO_ FACTCltS ON RED

++++ EL_SIC ORBIT DATA ++++

LOWGITUDE Ctr ASCENDING NODE, DEGRE _'S

ARGUMENT Or pERIFOCUS, DEGREES

ORBIT INCLINATION, DEGREES

ORBIT ALTITUDE AT PENIAPNIS

ORBIT ALTITUDE AT APC_SIS

ORBIT ECCENTRICITY

SUE l_q ANGLE, DEGREES

SUN DEC ANGLE, DEGREES

REFERBNCZ STAR BA ANGLE, DEGREES

REFERENCE STAR DEC _G_..o DEGREES

SHAD, _H

STEP NO.

STEP NO.

STEP NO.

ywc, NO, TAPE

YES, NO

++++ SUN --(_l_lrrEDo ORIENTATION DATA ++++

NOTATION ABOUT VCS X-AXIS TO CCS

NOTATION ABOUT VCS T-AXIS TO CCS

ROTATIO_ ABOUT VCS Z-AXIS TO CCS

ROTATION ORDER -- IROTX, IROTY, IROTZ

SUN LOOK ANGLE - C_DCK, DEGREES

sUN LOOK ANGLE - CONE , DEGREES

pIAMET L_OK ANGLE - CIX_E, DEGREES

PLANET LOOK ANGLE - CONE , DEGREES

TMERMAL RADIATION ANALTSIS SYSTRM (TRASTS) FORTRAN 77 VERSION

SPACECRAFT THERMAL RADIATION M_OEL
MO_.-SCRA_T C_NFIG-SCRAFT STEP-13

DIRECT IP.I_M)IATIOR CALCULATION LINK.

++++ SPIN DATA ÷÷++

CLOCK ANGLE, DEGREES(ABOUT CCS Z-AXIS CC_-POSITIV_)

CONE ANGLE, DEGREES

ROTATION RATE - CCW POSITIVE

TIHE SPIN BEGINS

CLOCK 0.000 0.000

COS 0.000 0.000

RATE 0.000 0.000

TIM,SP 0.000 0.000

++÷÷ sHADOW pACTON APPLICATION DATA ++++

TOLERANCE FOR SOLAR FLUX CALCULATIONS

TOLERANCE FOR PLANETARY FLUX CALCULATIONS

NAME OF SOLAR NOOK NUMBER ARRAY

NAM_ OF pLANETARY NODE NUMBER ARRAY

0.266

0.305

0.310

TOLS 0.S00 0.SO0

TOLP 0.750 0.750

NSAR N/A NONE

N_AX N/A NONE

,58

60

58

PAG_ 70

OPTIONS

6

15
6

(AN'/' CONY. N_)

(A_'Y CONY. NN*J_)
RYJ_L NO.

RF_L NO.

P.P_L NO.

(ANY CONF. NA/4_)

PAG_ 71

REAL NO.

REAL NO.

ARRAY

pAG_ 72
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ISFL YE3 TEN

IPFL YE_q TEE

FLAG TO SPECIFY METHO0 OF SOLAR FLUX CALCULATIONS YES, NO

pLAn TO SPECIFY METHOD OF pLANETARY FLUX CAIEULATIONS TEE, NO

+++++++÷ STEP NO m- 13

++++ CCHPUTED OR INPUT ORBIT DATA ++++

VALUE VAR IAB rR DESCRIPTION *e* VALUI

3|.000 EUX P_TA ANGT-I. DRGRI_ 270.000

31.000 STAR meTAS ANGLE, DEGREI_ 270.000

VARIABLE DESCRIPTION

SUN CIGMA ARGLRo DEGREES

STAR CIGMA.q ANGLE, DEGREES

VALUE

0.300

0. 20900E÷00

0.15306E+01

0. 41731E+09

1

DATE 071691 TIME 190857 THERMAL RADIATION ANALYSIS SYSTEM iTRASYS) FORTRAN 77 VERSION

I_)IXL,,,SClq.AFT CONrlG-ECRAFT STEP-13 SPACECRAFT THERMAL RADIATION HGOEL

++++ PLANET -- EARTH -- DATA ++++

DESCRIPTION NA/41 *** VALUE

pLANET ALBEDO PAI_ 0. 75073E+02

P[ANET RADIUS PRAD 0. 75073E+02

CABIT PERIOD PERIOD

PIJ_/(ET GRAV CONSTANT GRAV 0.42900E+03

LINE.

SOIAR DIRECT INCIDENT FLUX FOR STEP NO. 13 TRUE ANOMALY -

++++ IN THE SHADE ++++

DESCRIPTION NA/4E

PLANET DS EMIES PCClER NEtS

PLANET SS [MISS POWER NSS

SOIAR CONSTANT AT PSD SOL

PAGE 73

DIRECT IRRADIATION CALCULATION

147.81546 TIME - 0.62851

NODE CCMPUTATION DIRECT UN_D S_ CP TIME SURFACE

NUR05ERS FUJX(QDS) FLUX FAETCI {SECONDS) ELE/4ENTS

1 ++++÷+ 0.00000E+00 O.00000E+00 0.0000 0.000 0

2 ++++++ 0.00000E+O0 0.00000E÷00 0.0000 0.001 0

3 ÷+++++ 0.00000E+00 0.00000R+00 0.0000 0.001 0
4 ÷÷++++ 0.00000E÷00 0.00000E÷00 0.0000 0.001 0

5 ÷+++++ 0.00000E+00 0.00000R+00 0.0000 0.002 0

6 ÷+++++ 0.00000E+00 0.00000R+00 0.0000 0.002 0

7 +++++÷ 0.0000OE+00 0.00000R÷00 0.0000 0.002 0

8 ++++++ 0,00000E+00 0.00000R+00 0.0000 0.002 0

9 ÷++÷++ 0.00000E+00 0.00000E+00 0.0000 0,002 0

10 ++÷+++ 0.00000E÷00 0.00000R+00 0.0000 0.003 0

SHADOWING

SURFACES

0
0

0

0

0

0

0

0

0

0

NOTE--

FLUX VALUES FLAGGED (+÷+,+++) MAy HAVE COME FROM RTI, THE FLUX DATA BLOCK,

STUFFED FR(:H ANOTHER STEP, OR FORCED TO ZERO IN DICOMP.

TOTAL EIAPSED TIME IN PROBLEM - 4.075 5ECGNDS
I

DATE 071692 TIME 190857 THERMAL RADIATION ANALYSIS SYSTEM (TRAEys) FORTRAN 77 VERSION

NODEL-SCRAFT CONFIG-SCI_qFT STEP-13 SPACECRAFT THERMAL RADIATION MOOEL

DIRECT IRRADIATION CALCULATION LINK.

ALEEDO AND PIJ_NETART DIRECT INCIDENT FLUXES FOR STEP NO. - 13

÷+++ IN THR SHADR ++++

NODE CCNPUT ---DIRECT INCID. PLUX ..... UNS_D FLUX---

KUMBBR ALBEDO PLANETARY ALB_DO PLANETARy

1 ++++++ 0.000R÷00 0.952E+01 0.000E÷00 0.000E+00

2 ++++++ 0.000R÷00 0.000E÷00 0.000E÷00 0.000E+00

3 ++++++ 0.000R+00 0.347E+02 0.000R÷00 0.000R+00

4 ++++++ 0.000E÷00 0.362R+02 0.000E÷00 0.00OR+00

S ÷+++++ 0.000E÷00 0.120E÷02 0.000E+00 0.000E+00

6 +÷+÷++ 0.00OR+00 0.387t+02 0.0OOE÷00 0.000E+00

7 ÷+÷÷+÷ 0.000E÷00 0.34(dB+02 0.000R+O0 0.000E+00

e +÷++++ 0.000E+00 0.120R÷02 0.000R+00 0.000E+00

9 ÷+++++ 0.000R+00 0.215R+02 0.000R+O0 0.000E÷00

10 ++++++ 0.000E+00 0.41IR+01 0.000E+00 0.000E+00

PAGE 74

TRUE ANOMALY - 147.81546 TIME - 0.62|51

--SHADOW FACTORS-- CP TIME --ELEK_NT$-- SHAD

ALBINO PLAN (SECONDS) PIAN SURF SURF

0.000 0.000 0.000 0 0 0

0.000 0.000 0.001 0 0 0

0.000 0.000 0.001 0 0 0

0.000 0.000 0.002 0 0 0

0.000 0.000 0.002 0 0 0

0.000 0.000 0.002 0 0 0

0.000 0.000 0.002 0 0 0

0.000 0.000 0.002 0 0 0

0.000 0.000 0.003 0 0 0

0.000 0.000 0.003 0 0 0

NOTE- -

FLUX VALUE.q _ (÷÷++++) MAy HAVE COMB FR(_4 RTI, THE FLUX DATA BLOCK,

STUFFID FRON ANOTHER STEP, OR FORCED TO ZERO IN DICOmP.

TOTAL EIJ_PSED TIME IN PRORL_q - 4.078 SEc_qDs

S,A,P FLUXES HAVZ BEER WRITTEN TO REO TAPE, LAST RESTART RECORD WRITTEN - 222

L

DATE 071691 TIME 190857 THERMAL RADIATION ANALYSIS SYSTEM (TRASY$) FORTRAN 77 VERSION

NODEL-SCRAFT CONFIG-SCRAFT STEP-13

ABSO_EED Q COHPUTATION LINK.

VAR IABLE CURRENT DEFAULT

NAJ_ VALUE

IAOGSI SCRAFT CONF. NA/_

IAQGBS 9CRAFT CONF. NA/_

RSOL_R 1.000 1.000

RALB 1.000 1.000 -

RFLAM 1.000 1.000

HF IGCO SCRAFT CONF. NA/_

SPACECRAFT THERMAL RADIATION HOOEL

ABSORBED HEAT

DEFINITION

CURRENT CONF. NA/4_ FOR IR GRAY BODY FACTORS

CURRENT CONF. NAME FOR SOLAR GRAY BODY FACTORs

SOLAR HEAT Kq]LTIPLIEN

ALBEDO EEAT MULTIPLIER

PIANETARY HEAT MULTIPLIER

CURRENT CONF. NI_4E FOR CORRESPONDENCE DATA ACCESS

PAGE 75

OPTIONS

(ANY CONF. NAME)

(ANY CONF. NAME)
REAL, NO.

REAL, NO.

RE,t_ NO.

(ANY CONF. NNqE)
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ABSORIHr.D Q STORED IN _ 13

TOTAL TIME TO ccHr_'s A_qORBED O - 0.01

1
DATE 071691 TI]_ 190857 _ RADIATION ANALYSIS SYSTEM (TRASYS) _3_TPAq 77 VI_SION

HOOEL-SCRAJrT CQNFIG-_CRAJrT STEP-I3 SPACECRAFT THERJ4&L RADIATION NOOEL

ABSORBED Q OUTPUT C_fUTATION LINK.

ASSCSBED Q OUT

DEFINITION

STEP NO. ARRAY DIRECTIVE

TIME ARRAy ID N_ FLUX TABLES START AT I_OTMI + I

pARA_TER TO OUTPUT TO BeD TAPE

pUNC_I/NO pUNCH pARANETI_ FOR OUTPUT

AREA _fJLTIPLTING FACTOR

FLUX MULTIPLYING FACTOR

TIME MULTIPLYING FACT_

pA/_TER TO DETERMINE TYPE Or OUTPUT

VARIABLE _ DEFAULT

NAIl VALUE

N_d%lqY ALL ALL

HTMARY 1 1

QOTAFE NO NO

QOP NCH P_q¢ PUN

_OA_F 1.0000 1.0000
COF_F 1.0000 1.0000

QOTNPF 1.0000 1.0000

_OTYPE BOTH BOTH

I)
NFIGCO $C_ C_IG. NAME CURI_ CONFIGURATION NAME FOR CCItRESPONDENCE DATA ACCESS

I
DATS 071691 TI/_ 190|$? TH_ RADIATION ANALTSIS SYSTEM (TPJ_qYS) F_TRAN 77 VERSION

MOIZL-S(_ CC]4FIG-SCR_T STEP-13 SPACECRAFT THERM_ RADIATION MODEL

ABSOR_ Q (_JTI_ CCMPVTATION LINE.

ABSORBED HLqT FLUX TABLES

Q - INPUT * lqCPr _ FI4PF - 0.10000E+01
TI/_B * INPUT * T_F tILF,RE TICP * 0.10000E+01

AREA IS ON SUBRGqITINE CALL.q

i$ TIME ARRAY
0.00000E_00, 1.3SS_-01o 1.36S49E-01, 1.91341Z-01, 3.$26|2E-01

5.74022E-01, G.2SS14E-01o 6.29364E-01, 7.653G3E-01, 9.56704E-01

1.14|04E÷00, 1.3393R+00. 1.530EOE_00

25 HEAT RATE ARRAY FOR NOOK i
1.36318E+01, 5.70977E+00, 5. ?0STTE÷00, 3.64319E+00, 8. 0892SE-01

3.G4319E+00. 5.70S77E+00, 5.70577K÷00, 1,363111E÷01o 3.38409Z+01

4.SI41GE+0I, 3.3140NE+01, 1.3i31IK+0I

ENDS
35 V_,AT RATE ARRAy FOR NCOE 2

3.0%N?E+01o 2.56680N÷01, 2.27???Z+01o 2.01222E+01. 1.01752E÷01

6.$3735E-01, $.17352E-01o 3.40764E+00o 3.30913E+00, 5.6S426E+00

1. 667GIE÷01, 3.21602E+01, 3. 099GTE+01

_ND$
48 _T RATE ARRAY FOR NOOE 3

9.93421E+01, 1.06621E+02, 2.08211E+01o 2.37052E+01° 2.|5956Z+01

2.370|2E+01, 2.08211E+01o 1.06621E+02, 9.93421E+01° S.29197E÷01

8._17315Z+01, 9.29197E+01, 9.93421E+01

ENDS
55 HEAT RATE ARRAY FOP- HOOIL 4

3.30S13E+00, 3.40764E÷00, 5.17392Z-01, 6.53735E-01, 1.01752Z+01

2. 01222E÷01, 2.27777E÷01° 2. 56680Z+01, 3.0S967E÷01, 3.21602Z+01

1.6_761E÷01° 5.6_426E÷00, 3.30_)13Z+00

ENDS

65 HEAT RATE ARRAY FOR NOOE 5
1.2_556E+01o 7.19193E+00, 7.19193E÷00, 5.47404E÷00, 2.|0176Z+00

5.47404E+00, 7.191%3E+00, 7.19193E÷00, 1.29556E÷01, 2.89228Z+01

3.80415E+01, 2.8922|E+01, 1.29556E+01

_J405

75 _Y,AT RATE ARRAY PGR NODE 6
1.36318Z÷01o 2.3223GZ÷01, 2.32236E+01o 2.69509Z_01, 3.30542Z÷01

2.69509E÷01, 2.32236E÷01, 2.32236Z+01, 1.36318E÷01, 4.46827E+00

1.03095Z+00, 4.46827E÷00, 1.36318E+01

$$ _.AT RATE ARRAY FOR NCOE 7

3.54313Z÷02o 3.62014E+02° 1.72706Z÷01, 2.26450Z+01, 3.39721E+01

3.29420E÷01, 2.$7325E÷01. 3.74476E÷02. 3.669G2E+02, 3.63571E÷02

3.55099E÷02o 3.51386B+02° 3.54313E+02

9,$ 2E,AT RATE ARRAY FOR NCOK 8

9.67260K÷00o 4.93665E÷00o 3.3927"7E+00o 3.26185E÷00o 4.2_7802+00
9.09015K÷00o 1.16171Z÷01, 1.31610Z+01o 2.14162E+01, 5.85251_+01

?.01351Z÷01, 3.902GNE÷01o 9.67260E÷00

ENOS

1
DATE 071651 TIR_ 190857 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

_DEL-SCRATT CCNFIG-SCRAIeT STEP-13 SPACECRAFT THERMAL RADIATIOX _EL

ABSORBED Q OUTPUT COMPtFTATION LINE.

AB_C_ED HEAT FLL'X TABLES

Q - INPUT * F_I r WHERE F'P_P - O. IO000E+O1
TIME - INPUT * T_F k_4ERE TMPF - 0.10000E÷01

AREA IS OW SUEItOUTINE CALLS

105 HEAT RATE ARRAY FOR NCOE 9
3.66962E+02. 3.744762+02, 2.97325Z+01° 3.29420E+01, 3.39721E+01

2.26450E÷01° 1.72706E÷01, 3.62014E÷02° 3.54313E÷02, 3.51386E÷02

3.550892÷02. 3.631TIE+02. 3.669622+02

ENDS
115 HEAT RATE ARRAY FOR MOU2 10

2.14162E+01, 1.316102÷01° 1.16171E+01, 9.09015E+00, 4.29780Z+00

3.2619SE÷00o 3.392?72+00, 4.93G652+00, 9.67260E÷00° 3.90266E+01

T.0135IE+01, 5.85251E+01, 2.141622÷01

ENDS

I

DATE 071691 TIME 190857 THERMAL P,_SIATION ANRLYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

PAG_ 76

OPTIONS

(ALLoARRAY NNd/_ )

N/A

(YES,NO)

(pI_N, NO)
N/A

N/A

N/A

(TAE, AV, _OTH, TASI. AVSI. _OS

(ANT CONFIG. NAME)

PACE 77

PAGE 78

PAGE 79
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NODEL-SC3U_T CONFIG.-EC_J_ ST_P-13

;dSSOP_ZD Q OUTPUT CCIQUTATIOM LI_X.

DAtlNC SU]_OUTINE CALI_

AREA - I_UT (UNIT3) t N_F WHERE N_F - 0.10000E+01

0AI L'qC ( 1.5304|O37E+ 00, TI I,_'J4, A 1,A 2, 1.0000Z+00oQ 1)$

DA11MC (1. $306037E+00, TII, f._q, A loA 3, 2.0000E÷00°Q 2)$
DA11J4C (1. S30E03?E+00, TIIGJ(, A 1,A 4, 2.0000E+00,Q 3)$

DAI 1J4C (1. 5306037E+00. TII4Dto A I°A $, 2.0000E+00.Q 4)8

DA11NC (1. 53041037E+00, Tllql'J4° A 1,A 6, 2.0000E+00,Q 5)0

DA11MC | 1. 530(,O3TE+00, TI_Pt, A I,A 7, 1. 0000E+00,Q 6)$

DA11RIC ( 1. S30G03 ?E+00, TI_47.J4, A 1,A |, 2.0000E+00,Q 7)$

DA11J, K: ( 1. 5306037E+00, TIPIFJ4, A 1,A 9, 2. 0000E+00,Q 8)8

DAI 1.qC ( 1. 5306037E+00, TZ_IZN, A loA 10, 2. 0000Z+00,O 9)8

DAllJ4C ( 1. 530G037E+ 00, TIJ, WJ_ A loA 11, 2. 0000E+00, Q 10)8

SPACECRAFT THERMAL RADIATION Mt(X)EL

DATE 0"71691 TIME 1_0S7 _ RADIATION ANALYSIS SYSTEM (TRA.SYS) IeCRTRAN 7'Y VERSION

MOD_I,-qCRAFT CCNFIG-SCRAIS'T STEP-X3 SPACECRAFT _ RADIATION MODEL
ABSORI_,D Q OUTPUT CCII,flDUTATIOE LINK.

VALUES

VALUES

N O 1-

H Q 2-

H Q 3-

H Q 4-

M Q S-

M Q 6-

H Q ?-

H Q 8-
H O 9"

H Q 10-

AVERAG8 ORBITAL HEATING RATES

ARE RATE - INPUT IUNITS) t R_F,

ARE AREA - INPUT (UNITS) * ARPF,

1.8421S9.73E+01" 1.00000000E+00

1.51440683E+01 t 2.00000000E+00

.7.33152320E+01 e 2.00000000E+00

1.514E2344E+01* 2.0000O000E+00

1.6||84121E÷01 t 2.00000000E+00
1.55374S9SE+01 t 1.00000000Z+00

2.53387710E÷02" 2.00000000E+00

2.$094S613E÷01 t 2.00000000E+00

2.$33|6.705E+02 e 2.00000000E+00

2.60933116E+01" 2.00000000E+00

MI_P_ PJ4PF - 0.10000E÷01

NHEP_ A/4PF -- 0.10000E÷01

PA ''J_ O0

TOTAL TI_ TO CCJ_UTE ABSORBED Q OUT 0.06

I

DATE 0"71691 TI_Z 1900S7 THERMAL RADIATION ANALYSIS SYSTEM |TRASYS) _TRAM 7"7 VERSION

NODZL-$CRAFT CCWFIG-SCRAWT STEP-13 SPACECRAFT _ RADIATION MODEL

ABSORaED Q OUTPUT _UTATION LINK.

ABSORBED O OUT

DEFINITION

STEP NO. ARRAY DIRECTIVE

TIR_ ARRAy ID NUMBSN FLUX TABLES START AT I(_OTR_ + I

PARAMETER TO OUTPUT TO BCD TAPE

PUNCH/NO pUNCE pARAMBTER FOR OUTPUT

AREA MULTIPLYING FACTOR

FLUX MULTIPLYING FACTOR

TIF_ MULTIPLTING FACTOR

PARAMETER TO DETERNIRE TTPE OF OUTPUT

VARIABL_ CURRENT DEFAULT

NAME VALUE

NSARRy ALL ALL

HTMARY 1 1

QOTREE YES HO

QOPNCH pUN pun

_O_J_W 1.0000 1.0000

_OPMPF 1.0000 1.0000

_F 1.0000 1.0000

GorYPE BOTH BOTN

NFIGCO SCRAFTCOWFIG. NN_CITRP_NT CONFIGURATION MA_ FOR CORRESPO_DEMCEDATAACCESS
I

DATE 071691 TIR_ I_085"7 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEL-SCRAFT CCHFIG_SCRAI_ STEP-13 SPACECRAFT THERMAL RADIATION _COEL

ABSORBED Q OUTPUT CC_UTATION LIME.

ABSORBED HEAT _LUX TABLES

Q - INPUT * FRE'F _4ERE Ft_F - 0.10000E÷01

TI/'_ - INPUT • 7_F _ _I_P - 0.10000E÷01
_klSCll SUbROUTINE CALL3

11 TZ_ ARRAT

0.00000E÷00, 1.35999E-01, 1.36049E-01, 1.91341E-01, 3.826|2Z-01

5.74022E-01° 6.28S14E-01° E.29364Z-01° 7.61363E-01, 9.$6704E-01

1.14804E+00o 1.33939_+00° 1.S30EOE+O0

F.ND$

28 HEAT RATEARRAYFORNOUE 1

1.36318E÷01° S..701"7"TE+Q0, 5."709"7"7E+00o 3.64319E+0Q° 8.0|929E-01

3.64319_+00, 5."709"7TE÷00, 5.709"7"7E+00, 1.36318E+01, 3.31409E÷01
4.51486E+01, 3.3840R1÷01, 1.36311E÷01

E_D$

35 _ATRATEARRATF_RNCOE 2

3.09_M_TE+01, 2.56ESOE÷01° 2.2"77??E+01, 2.01222E+01, 1.01?S2E+01

6.$3"73SE-01o 5.1"7392E-01o 3.40764E÷00, 3.30913_÷00, 5.69426E÷00

1.66"761E+01o 3.21602E_,01o 3.09%'_"7E+01

E_D8

45 I'_ATRATEARRATFORNOOE 3

9.93421E+01, 1.06621E÷02° 2.0_211E+01° 2.3"7082E+01, 2.85956E+01

2.37082z+01o 2.00211E+01, 1.06621E+02, 9.93421Z+01, 9.2919"7E÷01

|.9"73151÷01, 9.21197E÷01. 9.934211+01

EXD$

5$ HEAT RATEARRATFON NCOE 4

3.309131+00° 3.407641+00, 5.17392E-01° 6.53735E-01, 1.017521+01

2.012221÷01o 2.2"7777E+01, 2.566801÷01, 3.0996"71+01, 3.Z1602E÷01

1.66761E+01. 5.6_126E+00, 3.30913E+00

L_D$

65 HEAT RATE ARRATFOR NODE 5

1.29556E+01, ?.191931÷00, ?.19193E+00, 5.474041+00, 2.|0176E+00

5.4"7404E+00, "7.19193E+00, ?.19193E+00o 1.29556E÷01. 2.892211+01

3.80415E÷01° 2.89228E+01, 1.29556E+01

"75 HEAT RATEARRAYWORNOUE 6

1.36310E+01, 2.32_36E÷01o 2.32236E+01, 2.695091÷01° 3.30542E+01

2.69509E÷01. 2.32236E÷01° 2.32236E÷01, 1.36318E÷01, 4.46827E+00
1.030951+00° 4.46827E÷00o 1.3631|E+01

PAG_ Oi

OPTIONS

(ALL. ARRAY NAME)

N/A

(YLq, NO)

(PUN,NO)

N/A

N/A

N/A

( TAR, AV, _OTH, TAN 1, AVS I.

(ANY CONFIG. NAME)

PAG_ 82
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IS HSAT RATE ARRAY _ NODK ?

3.543136+02, 3.62014K÷02o 1.727066+01. 2.264506+01° 3.397216+01

3.294206+01, 2.97325K+01, 3.74476K+02, 3.669626+02, 3.638716+02

3.5501196÷02, 3.51311_+02, 3.$4313R÷02

EXO0

98 _ RATE ARRAY _ IICOK $
9.i72601+00, 4.93665K+00o 3.392776÷00, 3.261866+00° 4.297806+00

9.09015E+00, 1.16171K+01, 1.31610Z+01, 2.141626+01, S.852616+01

7.013616+01, 3.9026U*01. 9.67260K÷00

EXD$

1

_kTE 071,1;91 T_ 1KI6S7 _ RADIATION ANALYSIS 5YSTF.J4 (TI_SYS) WORTRJdl 77 V'F_SZON

MODELmSCRAFT CCNFZG.-SCRAFr STEP-13 SPACECRAFT THERMAL RADIATION MCX)_-L

AB.qOPLBED Q OUTPUT CCHPUTATION LINE.

HEAT FLUX TABLES

Q - INPUT * Lr_r NtlF.,R]I FMPF - 0.100006+01

TIMm - INPUT * TMPF NHZRE TMPI e - 0.100006+01

AREA IS ON SUBitGUTZ_ CALI_

105 HEAT RATE ARRAY FOR NODE $

3.669tS26+02, 3.74476B+02o 2.9?3256+01, 3.294206+01. 3.357216÷01

2.26450K+01, 1.7270GE+01, 3.620146+02. 3.54313E+02, 3.$13866+02

3.550696+02, 3.63871_+02. 3.669626+02

ZXD$
115 I'W,AT RATE ARRAY FOR tK_n 10

2.141621÷01o 1.316106_01, 1.161716+01o $.090156÷00, 4.297806÷00

3.261|$E÷00o 3.392776+00o 4.936656+00, 9.672605÷00° 3.902666÷01

7.013516+01° 5.662516+01, 2.141626+01

TIME AND HEAT FLUX ARRAYS STCRED (3H MITA.q/SZNDR/_D OUTPUT TAPE IN FILE 2

1
DATK 071691 TIRI 190057 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FCRTRAN 77 VERSION

HODEL_SCRRFT CONFIG-'SCRAFT STEPoL3 SPACECRAFT THERMAL RADIATION MCOEL

•/_SORBED Q _ CCMPUTATION LINK.

DAI1)tC sUBROUTINE CALLS

AREA - INPUT (UNITS) * AI_F IfllERE AH_F - 0.100006+01

DA11MC ( 1. $3060376÷00, TltlM. A 1) $

DAI _ 61. 53060376÷00, TIllM, A 2) $

DA11J,IC 41. 53060376+00, TZIG_ A 3) $

DA11NC ( 1. 53060376 _00 • TII_J4, A 4) $

0A1 _ ( 1.5306037K÷00. T 114_q. A 5 ) $

DAllHC (1. 53060376÷00, TII_N, A 6) $

DA11/4¢ ( 1. 53060376+00 ° TIMrJ4, A 7) $

r)AllNC ( 1. 5306037K÷00, TI)gr.N, A 8) $
DA11NC ( 1. 5306037K÷00, TI_N, A S) $

DA1 ].)tC 61. 53060376÷00, TIP_.N, A 10) $

SUBROUTINE CALL CARDS STCAED OK MZTAS/SINDA _CD OUTPUT TAPE IN FILE 3

1,A 2, 1.0000E+00,Q

1.A 3, 2.0000E+00,Q
1,A 4, 2.0000K_00,Q

1.A 5. 2.0000E÷00,Q

1,A 6, 2.0000E+00,Q

I,A 7, 1.00006+00,Q

I,A 8, 2.0000K÷O0,Q

I,A 9, 2.0000K+O0,Q

1.A I0, 2.0000E+00.Q

1,k 11, 2.0000K÷00,Q

TI_ AND CONDUCTOR ARRAYS STORED ON MITAS/SINDA_CD OUTPUT TAPE IN WILE 3

1
DATE 071691 TLMB 190857 THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) FORTRAN 77 VERSION

HODEL,,,SCRAFT CoI_rIG"SC'RALrT STEP-13 SPACECRAFT THERMAL RADIATION MO0_L

ABSOFt_KD Q OUTPUT CC_PUTATION LINK.

AVERAG_ ORBITAL HEATING RATT_

VALUES ARK RATE - INPUT (UNITS) * R/4PF, NHERE RMPF - 0.10000Z÷01

ARK AREA -- INPUT (UNITS) * AMPF, WHERE AMPF - 0.100006+01

H Q 1- 1.642159736+01" 1.00000000E÷00

H Q 2- 1.51440683Z+01" 2.000000006+00

M Q 3- 7.33552320K+01" 2.000000006+00

M Q 4- 1.S1462344K÷01" 2.00000000E_O0

Q S- 1.68$84121Z÷01" 2.000000006÷00

M Q 6-, 1.553745956÷01" 1.00000000K÷O0

M Q 7- 2.533877106+02* 2.00000000K÷00

M Q 8.- 2.68_45613E+01" 2.00000000K÷00

H Q _,- 2.533667056+02 t 2.000000006+00

H Q 10-. 2._3311_E+01* 2.00000000E+O0

AVERAGK Q VAJ._'F_ ST_U_) ON NITA_ISINDA 8CD OUTPUT TAPK IN FILE 4

PAG_

pAG_

pAGE

$3

84

85

TOTAL TI_ TO C_f_TE AH_BID Q OUT 0.07

0NORMAL TERMINATIC_ 8Y PROC_Sg
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CHAPTER 2" STEADY STATE AND TRANSIENT RADIATION

SECTION 3: Radiation with'Convection; Linearization of a Transient

ANALYSIS CODE: SINDA (Gaski Version)

Case

I. Preface to the Problem:

II.

This section is included to illustrate the solution to a problem which involves combined
radiation and convection. The complete problem has no closed-form solution. The fol-
lowing analysis illustrates the development of user defined differencing equations and
incorporation of these equations into SINDA's execution block.

The analysis is performed using several approaches. The problem is first solved using
SINDA, in which case an intrinsic differencing scheme is selected and the original form

of the problem is solved. Next, a mathematical representation of the physical problem
is developed and the radiation conductor is linearized. A differencing formulation of the
linearized problem is described. The linearized problem is then modeled using SINDA.
Results obtained using SINDA are compared with those obtained by solving the original
problem. Next, the problem is formulated without linearizing the radiation conductor. The
differencing equation is written in its quartic form and the non-linearized problem is solved

using a Newton-Raphson technique. The non-linearized differencing equation is incorpo-
rated into SINDA and the resulting solution is compared with previous solutions to the

original problem and the linearized problem.

Identification of the Problem:

A. Statement of the Problem:

Consider a tank into which fluid has just been introduced. The tank resides in an

unspecified environment, at a temperature of -320°F, to which the tank transfers heat
via radiative exchange. Initially, the walls of the tank have been heated to a tempera-
ture of 300°F. The temperature of the fluid is 100°F. Wall thickness is 0.1ft. The

density of the wall material is 170 lbm/ft 3 and the corresponding specific heat is 0.2
Btu/lbm°F. The emissivity of the external surfaces of the tank is 0.8 and the form
factor is unity (indicating that the tank is emitting to a hemisphere). The convective
heat transfer coefficient between the fluid and the inside surfaces of the tank is 1

Btu/ft 2 hr°F. Find the transient temperature change, T(t), in the walls of the vessel.

The tank is depicted in Figure 1.
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B. Schematic:

1; emissivity= 0.8

"l_luid = 100

thickness= 0.1 ft

T(t=O)= 300F

h= 1 Btu/sq.ft hr

Figure 1. Flow through a pre-heated tank which radiates
to its surroundings

El G.iven:

°

2.
3.
4.
5.

6.
7.

8.

A vessel with known wall thickness and thermophysical properties

Ambient temperature is -320°F.
Fluid temperature is 100°F.
Emissivity of external tank surfaces is 0.8.
View factor is unity (all exposed surfaces).
h= 1 Btu/ft 2 hr°F
Wall thickness of tank is 0.1 ft.

Wall density and specific heat are 170 lbm/ft 3 and 0.2 Btu/lbm°F,

respectively.

D. Find:

1. Transient temperature change, T(t), in the tank wall

III. Formulation of the Problem:

A. Assumptions:

.

2.

.

4.
5.

The wall is assumed to be a sufficiendy good conductor of heat such that

the temperature is uniform, throughout its thickness, at any instant in time.
The desired information may be obtained by considering the tank to be a
homogeneous entity which exchanges heat with its surroundings and with
the fluid that flows through it.
The inside and outside surface areas of the tank are assumed to be the same.

Radiative heat loss to the fluid is neglected.
The wall is assumed to radiate (or absorb incident radiation) as a graybody,

following the Stefan-Boltzmann law of radiation, where the proportionallit7
constant is the emissivity.
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B •

C •

Initial/Boundary Conditions:

I.

2.
3.

Initial tank temperature is 300°F; i.e. T(t=0)= 300°F
Fluid temperature is 100°F; i.e. Tf= constant = 100°F
Ambient temperature is -320°F.

Discretization:

As previously indicated, the analysis is performed by considering the tank as a
single entity. Hence, the first law of thermodynamics requires that heat transferred
to the tank, via convection, must be balanced by that transferred from the tank, by
way of radiation. This statement only holds, of course, once steady state conditions
have been reached. For the transient case, the difference between the incoming and
outgoing heat fluxes is equal to the energy stored in the walls of the tank.

The physical system is divided into three parts; these include the fluid, the tank wall,
and the surroundings. Each part is represented by a node to which is assigned a
characteristic thermal capacitance (where applicable) that is proportional to its mass
and specific heat. The node which represents the tank is linked to the fluid by a
single convection conductor. Similarly, the tank is linked to its external environment
by a single radiation conductor. The circuit that represents the physical system is
shown in Figure 2.

Boundary Node

Rconv

Boundary Node

Rrad

Diffusion Node

Figure 2. Simple circuit representing the physical system
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IV. Analysis:

A. SINDA Solution to the Original Problem:

A SINDA input listing corresponding to the simple three-node model shown in
Figure 2 has been included. The subroutine, SNFRDL, has been specified in
the EXECUTION block and signals the use of an intrinsic forward differencing
form of the diffusion equation. The complete input listing appears on page 2-3-5.

Results of the first analysis follow the input listing.

B • Construction of a Linearized Model:

We begin by performing an energy balance on the tank. Where T denotes the
temperature of the tank, the heat transferred from the tank to the flowing fluid

is given by

_Iconv= hA(Tf - T). ( 1 )

The heat lost to the surroundings is given by

dlr'a= (:tuFA(T4**- T4) ( 2 )

and that stored within the walls of the tank is given by

Clst°= 13VCp &_ (3)

Conservation of energy requires that

, sto= +

from which

pVC.,pdd_-t= hA(Tf - T) + o'EFA(T4_ - "r4) (4)

Equation (4) defines a first-order, non-linear, ordinary differential equation.
The function, T(t), which satisfies (4) is the solution we seek. Suppose
that the radiative heat loss is expressed as

oEFA('I'4..- T 4) = oEFA(T2**+ T2)(T**+ T)(T**- T) (5)

Defining R equal to

or.AFfT2.+ T)

we may re-write (4) in the form of equation (6).
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SINDA INPUT LISTING FOR THE ORIGINAL PROBLEM

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

BCD

END

3THERMAL LPCS

3NODE DATA

1,300.0,3.4

-99,-320.0,1.0

-I00, i00.0,i.0

3CONDUCTOR DATA

I,i,I00,I.0

-2,1,99,1.3712E-9

3CONSTANTS DATA

DTIMEI=0.01

DTIMEH-0.01

NLOOP-100

TIMEND-10.0

OUTPUT=0.1

ARLXCA=0.01

DRLXCA -0.01

TIMEO-O.0

DAMPA=0.5

DAMPD-0.5

NDIM-1000

3ARRAY DATA

3EXECUTION

SNFRDL

3VARIABLES i

3VARIABLES 2

BCD 3OUTPUT CALLS

CALL TPRINT

END

BCD 3END OF DATA
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SINDA OUTPUT LISTING FOR THE ORIGINAL PROBLEM

(C) COPYRIGHT 19|2.19|3, 1984. 19B$, 191G, 1987 3.D.GASKI SINDA/1983/ANSI 1.31 NET_RIK AMALYSIS ASSOCIATES, IMC. - PAGE

•"* MOTE e** SMFRDL REQUIRE5 4 DYNAMIC STORAGE LOCATIONS OUT OF 995 AVAILABLE .ee

TI_t_qD-- 10.000 , CSGtAC- 1.0000 , DTIMEI-0.10000E-01. ffLO(_- I00

TIMEO - 0.00000 . OUTPUT- 0.10000 , DTIY_H- 0.10000&-01, DTI_I_ 0.00000

ARLXCA- 0.10000E-01, ATMPCA- 0.10000E÷09, DRLXCA.. 0.10000E-01, DTMPCA- 0.10000E+09

t ,,, e,

TI_- 0.00000E+00, DTI_U- 0.00000E÷00, C$C,I(INI 0)- 0.00000E+00. ATI_CC(

LOOPCT- 0 , ARI,XCC (

T 1 - 300.0000 T 99 - -320.0000 T 100 - 100.0000 T

•, ,tt,,,Re ,**=tee

TIME- 1.00000E-01, DTZ_U- 5.00000E-03, CSGIqlN( I)- 2.01114E+00, ATMPCC(

LOOPCT- 0 , ARLXCC (

T i - 281.5135 T 99 - -320.0000 T 100 - 100.0000 T

TI_Z-2.00000E-01. DTIMEU-5.00000E-03o CSGMIM( i)-2.06312E+00, ATMPCC(

LOOPCT- 0 , ARLXCC (

T i - 264.3260 T 9% - -320.0000 T i00 - 100.0000 T

•..t.,,,**. *ate

TI_" 3.00000E-01, DTIMEU" $.00000E-03. CSGMIM( i)" 2.110|8E+00, ATMPCC(

LOOPCT- 0 , ARLXCC (

T I - 249.4023 T 99 - -320.0000 T 100 - 100.0000 T

TIME-4.00000E-01. DTIMEU-5.00000E-03, CSGMIN( I)-2.15403E+00, ATMPCC(

L_OPCT,,. 0 , ARLXCC (

T I -- 235.3640 T 99 " -320.0000 T 100 " 100.0000 T

TIMB-S.00000E-01, DTIMEU-5.00000E-03, CSG_IN( 1)-2.19536E+00, ATMPCC(

IEOPCT- 0 , ARLXCC (

T 1 - 222.4S91 T 99 - -320.0000 T 100 - 100.0000 T

TI_-6.00000E-01, DTIMEU-5.00000E-03, CSC.MIN( i)-2.23278E+00. ATMPCC(

LOOPCT- 0 . ARLXCC !

T I - 210.5605 T 99 - -320.0000 T 100 - 100.0000 T

TIM_- 7.00000E-01. DTIMEU- 5.00000E-03o CSGMIN( I)- 2.26739E+00, ATMPCC(

L£XDPCT- 0 , ARLXCC (

0)- 0.00000E+O0o DTF_CC(

0)- 0.00000E+00, DRLXCC[

0)- 0.00000E+00o DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E÷O0, DTMPCC(

0)- 0.00000E+O0, DRLXCC(

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC (

0)- 0.00000E+00, OTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, DTMPCC!

0)- 0.00000E+00, DRLXCC[

0)- 0.00000E+00. DTMPCC(

0)- O.O0000E+O0, DRLXCC(

0)- O.O0000E+O0, DTMPCC(

0|- O.O0000E+O0, DRLXCC(

0l- 0.00000E+00

0l- 0.00000E+00

1)_$.$0002E-01

0)- O.O0000E+O0

1)--B.O1385E-01
0)- 0.00000E+00

_)_3.32122E-01

j)- 0.00000E+00

I)_6.72561E-01

0)- 0.00000E÷00

II--6.19233E-01

01- 0.00000E÷00

I)--5.71711E-_I

0)- 0.O000OE'00

1)--5.29244E-0!

0)- 0,00000E*00

T I - 199.5603 T 99 - -320.0000 T 100 - 100.0000 T

I(C) COPYRIGHT 1902.1983,1984,1985, 1916,19|3 J.O.GA.SKI 5INDA/1983/ANSI 1.31 NETWORK A/_ASySI$ ASSOCIATES. INC. - PAGE

TIP_- $.00000E-01. DTIMEU-- 5.00000E-03, CSGMIN( i)- 2.29945E÷00, ATMFCC(

LOOPCT- 0 ARLXCC[

T i - 109.3663 T 99 - -320.0000 T 100 - 100.0000 T

_,,tttt*ttelte_,_

TIM_Z- 0.99999E-01o OTIMEU- 5.00000E-03, CSGMIN( I)- 2.3291|E÷00, ATMPCC(
LEOPCT- 0 ARLXCC(

T 1 - 139.$919 T 99 - -320.0000 T I00 - 100.0000 T

TIM_- 9.99999[-01, DTIMEU-- 5.00000E-03. CSGMIM ( 1)- 2.35679E+00, ATMPCC(

LOOPCT- 0 ARLXCCI

T 1 " 171.0_9| T 99 - -320.0000 T 100 - 100.0000 T

TZ_Z- 1.10000E+00. DTIMEU- 5.00000E-03o CSGMIN( I)- 2.38247E+00, ATMPCC(

LCOPCT- 0 ARLXCC(

T i - 162.$3S_ T 99 - -320.0000 T I00 - 100.0000 T

TIM_- 1.20000E+00, DTIMEU- 5.00000E-03, CSGMIN(

LDOPCT- 0

T i - 155.2125 T 99 - -320.0000 T 100 -

TIME- 1.30000E+00, DTIMEU- 5.00000E-03. CSGMIN(

LOOPCT- 0

T 1 - 140.0453 T 99 - -320.0000 T 100 -

TI_Z- $.40000E_00° DTIMEU- 5.00000E-03, CSGMIN(

LOOPCT- 0

T

1)- 2.4063BE+00, ATHPCC(
ARLXCCI

100.0000 T

1)- 2.42866E*00, ATHBCC(

ARLXCC(

100.0000 T

l)- Z.44945E+00, ATMPCC(

ARLXCCI

I - 141.3356 T 99 - -320.0000 T i00 - 100.0000 T

0)- 0.00000E÷00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, DTH?CC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000Z+00, DTM?CC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+O0, DTMPCC(

0)- 0.00000E+O0, DRLXCC(

0)- 0.00000Ee00. DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, DTH_CC(

0)- 0.00000E+00, DRLXCC(

0)- O.O0000E+O0, DTMPCC(

0)- O OO000E+O0, DRLXCC(

1)_4.91005E-01

0)- O.O0000E+O0

I)--4.56455E-01

0)- 0.00000E+00

I)--4.2511SE-01

0)- 0.00000E*00

I)_3.96584E-01

0)- 0.00000E÷00

II--3.70525E-01

0)- 0.00000E÷00

L)--3.46655£-31

0)- 0_00000£'00

I)--3.24730£-01

0)- 0.00000£-50
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***,**, **** . *****

TZ_- 1.50000E+00. DTII_U- S.00000E-03, CSGNZN( 1]-2.46||6E÷00, A_v4pcC(

LOOPCT- 0 , ARLXCC (

T 1 - 135.0466 T 99 - -320.0000 T 100 - 100.0000 T

e*aeeee***teeetet

TII_" 1.60000E+00, DTI/_U" S.00000E-03, CSG)IZN( 1)-2.48701m+00, ATt_PCC(

L_OPCT" 0 , AN, XCC (

T 1 " 129.1493 T 99 - -320.0000 T 100 " 100.0000 T

1 (C) OO_YRIGHT 1982,19e3,1984, 1915, 1986, 19e7

0)- 0.00000B+00, D_PCC(

0)- 0.00000E+00, DP,LXCC[

1)_3.04542E-01

0)- 0.00000E_00

0)- 0.00000[÷000 D'L'MPCC(

0)- 0.00000£+00, DRLXCC!

1)_2.85909E-01

0)- 0.00000E÷00

J.D.GA.SKZ $IND_/1987/ANSZ 1.31 NETMORK ANALYSIS A3SOCT_TE$, INC. - PAG_ 3

TZ_- 1.70000E+00, DTZI'_U- 5.00000E-03 CSGMINI 1)- 2.50400E+00, ATI_PCCI

I.,OOPCT- 0 , ._.XCC(

T 1 -- 123.6027 T 99 -- -320.0000 T 100 - 100.0000 T

TIPOZ- I.$0000E+00, DTIHEU" 5.00000E-03 CSGHIN( 1)- 2.$1991E+00, A_qPCC(

_:)OPCT- 0 , ARLXCC(

T 1 " 118.3917 T 99 " -320.0000 T 100 - L00.0000 T

TIMZ- 1.90000E+00o DTIHZU- 3.00000E-03 CSGMIN( 1)- 2.$34i2Z+00, ATMPCC(

T.,COPCT,,, 0 , ARLXCC(

T I - 113.4802 T 99 - -320.0000 T 100 - 100.0000 T

TI_- 2.00000E+00 DTIMEU- $.00000E-03 CSC,_IN( I)- 2.54881E+00, ATH2CC(

LOOPCT,- , A_LXCC {

T 1 - 104,|705 T 99 - -320.0000 T L00 - 100.0000 T

***l******* **** • *

TI_- 2.10000E÷00 DTIPt_U- $.00000E-03 CSGMIN( 1)- 2.56194E+00, ATMFCC(

I.OOpCT- , ARLXCC!

T 1 - 104,5187 T 99 - -320.0000 T 100 - 100.0000 T

****_m_*ett ttw***

TI_" 2.20000E÷00 DTI_U- 5.00000E-03 CSGMIN(

L_OPCT-

T 1 - 100.4149 T 99 - -320.0000 T 100 - 100.0000 T

TIP_Z- 2.30000K+00 DTIMEU- 5.00000E-03, CSGHIN(
LOOPCT-

T i - 96.5423 T 99 - -320,0000 T 100 - 100.0000 T

TI_Z- 2.40000E+00o DTIM_U- $.00000E-03 CSGHIN(

LOOPCT- 0

T 1 - 92.1157 T 99 - -320.0000 T 100 - 100.0000 T

TI_- 2.50000E+00 DTIM_U- 5.00000E-03 CSGHIN{

LOOPCT-

1)- 2.57427E+00 AT_UPCC(

ARLXCC(

1)- 2.58507E+00 A'rMFcc(

ARLXCC(

1)- 2.59678E+00 ATMJPCC(

ARLXCC(

1)- 2.60705E+00, ATH_CC(

, A_LXCC(

0}- 0.00000E+00, DTHPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

1)_2.6|670E-01

0)- 0.00000E+00

0)- 0.00000g+00, DTHI)CC(

0}- 0.00000E÷00, DRLXCC(

I)_2.52711E-01

0)- 0.00000E+00

0)- 0.00000K+00, DTHPCC(

0)- 0.00000E+00, DRLXCC(

1)_2.37890E-01

0)- 0.00000E+00

0)- 0.00000E+00, DTM_CC(

0)- 0.00000£+00, DRLXCC(

1)_2.24110E-01

0)- 0.00000E_00

0)- 0.00000B+00, OTMPCC(

0)- 0.00000E+00, DRLXCC (

1)--2.11277E-01

0)- 0.00000E+00

0)- 0.00000E+00, DTM_CC{

0)- 0.00000K+00. DRLXCC[

1)_L.99310E-01

0)- 0.00000E+00

0)- 0.00000E+00. DTMPCC{

0)- 0.00000K+00, DRLXCC(

II--I.B8136E-01

0)- 0.00000E÷00

0)- 0.00000E+00. DTKPCC(

0)- 0.00000E+00, DRLXCC(

1)_1.77690E-01

0)- 0.00000E+00

L)_l.67912E-01

0)- 0.00000E÷00

T 1 - 19.4313 T 99 - -320.0000 T 100 - 100.0000 T

I(C) COPYRIGHT 1902,1903,1914, 1985, 19|&,19|? _.D.GA.SKI SINDA/194?/AN5I 1.31 NETWORK ANA/,YSIS ASSOCIATES, INC. - PAGE

,*.,.*******•*,**

TIM_- 2.60000E+00 DTIMZU-- 5.00000E-03 CSGMIN{

LOOPCT-

T 1 - 46.1660 T 99 - -320.0000 T 100 -

TI_Z- 2.?0000E+00 DTI_U- 5.00000Z-03 CSGMINI

LOOPCT-

T 1 - 03.0?82 T 99 - -320.0000 T I00 -

TI_- 2,B0000E+00 DTIMEU- 5.00000E-03 CSGMZMI

LEOPCT-

T 1 - 00.1569 T 99 - -320.0000 T 100 -

TIV_- 2.90000E+00 DT_MZU- 5.00000E-03 CSGMIN(
bOOPCT-

T I - 77.3919 T 99 - -320.0000 T i00 -

T[/'_- 3.00000E+00 DTIH_U-- 5.00000E-03 CSGMIN(
LOOPCT-

T _ - 74.7739 T 99 - -320.0000 T i00 -

TIV_Z- 3.Z0000E+00 DTIMEU- 5.00000E-03, CSGMIN(
LOOPCT-

T i - 72.2941T 99 - -320.0000 T I00 -

1)- 2.61673E+00. ATMPCC(

• ARLXCC(

100.0000 T

1)- 2.62584E+00 ATMBCC(

ARLXCC(

100.0000 T

L)- 2.63444E÷00 ATM?CC(

ARLXCC(

i00.0000 T

I)- 2.64255E*00 ATM_CC(

A_LXCC(

100.0000 T

I)- 2.65020Z*00 ATMPCC(

ARLXCC(

I00.0000 T

l)- 2.65_43E-,30 ATMPCC(

ARLXCC(

100.00'OO T

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E÷00, DTMPCC(

0)- 0.000O0E+00, DRLXCC(

0)- 0.00000E+00, DTMJPCC(

0)- 0.00000E+00, DRLXCC(

0}- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

01- 0.00000E+00, DTId_CC(

01- 0.00000E+00o DRLXCC(

0)- 0.00000E+00, D_CC(

0)- 0.00000E+00, DRLXCC(

1)--1.54752E-01

0)- 0.00000E÷00

I)--I.S0160E-01

0)- 0.00000E+00

t)--L.42095E-01

0)- 0.00000E*00

I)--L.34518E-0_

0)- 0.00000E+00

1)--1.27392E-01

0)- 0,O0000E÷00

L)--l.20688E-0$

0)- 0.00000E÷00
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TIM_- 3.20000E+00. DTIMEU- 5.00000E-03. CSGMIN| 1)- 2.66426E+00. ATMPCC( 0)- 0.00000E+00, HTM_CC(

IXX3PCT- 0 , ARLXCC( 0)- 0.00000E+00. DRLXCC(

T I - 69.9444 T 99 - -320.0000 T 100 - 100.0000 T

t*e*****l*eeele**

TIM_- 3.30000E_'00, HTZ_'U- 5.00000E-03, CSGMZN( 1)- 2.67071E÷00. AT)_CC{ 0)- 0.00000E+00, DT)'_CC(
[.DOPCT- 0 . ARLXCC! 0)- 0.00000g÷00, DRLXCC(

T I - 67.7173 T 99 - -320.0000 T _.00 - 100.0000 T

*otl * t**tiler I. • t

TI_- 3.40000E+00. DTI_U- 5.00000Z-03, CSG_ZN( 1)- 2.676811_+00, ATMPCC( 0)- 0.00000V+O0. DTMPCC(

LOOPCT- 0 , ARLXCC( 0)-0.00000E+00, DRL.KCC{

T I - 65.605"; T 99 - -320.0000 T 100 - 100,0000 T

1(C) COPYRIGHT 19|2.1983,19|4.1985, L90&.19|7 J.D.GA3KZ SZNDA/190?/ANSI 1.31 NETkt_RK AMALYSIS ASSOCIATE '=, INC. - PAGZ

I)_1.14374E-01

0)- O,O0000K+O0

1)_1.0|425K-01

0)- O.O0000E+O0

1)pl.02|lSK-01

0)- O,O0000E+O0

TI_- 3.50000E÷00, DTZMEU-- 5.00000E-03, CSC,MIN( 1)- 2.682581_+00, A"£"_CC(

[EOPCT- 0 , ARLXCC I

T I - 63.6031 T 99 - -320.0000 T 100 - 100.0000 T

,,,,=.,*.,** .o

TIN_- 3.80000E+00, DTIMEU- 5.00000E-03. CSGMIM(

LOOPCT- 0

T I - 61.7034 T 99 - -320.0000 T 100 -

TI/_E- 3.70000E+00, DTI_U- 5.00000E-03. CSGMIN(

LOOPCT- 0

T 1 - 59.9008 T 99 - -320.0000 T 100 -

TI_- 3.80000E+00, OTIMEU- 5.00000E-03, CSGMIN (

LOOPCT- 0

1)- 2.68805_+00 ATMPCC(
ARLXCC(

100.0000 T

L)" 2.69321K+00. ATMPCC(

ARLXCC(

100.0000 T

1)" 2.69011E+00, ATMPCC[
ARLXCC(

T 1 - 58.1891 T 99 " -320.0000 T 100 - L00.0000 T

TIMI- 3.90000E÷00, DTIMEU- 5.00000K-03, CSGMIN( 1)- 2.70274K+00. ATMPCC(

LQOPCT- 0 ARLXCC(

T i - 56.5656 T 99 -- -320.0000 T i00 - 100.0000 T

TI_- 4.00000E+00, DTIMEU- 5.00000E-03, CSGMIN( i)- 270713E+00, ATM_CC(

LOOPCT- 0 ARLXCC!

T i - 55.0234 T 99 - -320.0000 T 100 - I00.0000 T

TIME- 4.10000K+00o HTIMEU- 5.00000E-03, CSGMIN( I)- 2.71129E+00, ATMPCC (

bOOPCT- 0 ARLXCC(

T I - 53.5587 T 99 - -320.0000 T i00 - 100.0000 T

TI_- 4.20001E+00, DTIMEU- 5.00000E-03, CSGMIN{ I)- 2.71524E+00. ATM_CC(

LOOPCT- 0 ARLXCC{

T i -- 52.1674 T. 99 - -320.0000 T 100 " 100.0000 T

TI " 4 0 01 +00. DTIMEU" 5.00000E-03, CSGMIN( I)" 2.71898E+00, ATMPCC(

LOOPCT- 0 ARLXCC[

0)- O.O0000K+O0, DT_PCC(

0)- O.00000E+O0. ORLXCC(

1)_9.75227E-02

0)- 0.00000E+00

0)- 0.00000E+00. D_CC(

0)- 0.00000E+O0. DRLXCC{

I)_9,252_0E-02

0)- 0.00000E+00

0)- 0.00000Z+00, DT_CC[

0)- 0.00000K+00, DRLXCC[

1)_e.78089E-02

01- 0.00000E+00

0)- 0.00000E+00o DI_4PCC{

0]- 0.00000E+00, ORLXCC(

1)--8.33503K-C2

0)- 0.00000E+00

0l- 0.00000K÷00. D_PCCI

0l- 0.00000Z+00, DRLXCC(

1)_?.91356E-02
01- 0.O0000E+00

0)- 0.00000E+00, DTMPCC(

0)- 0.00000K÷00, DRLXCC(

1)_7.51496E-Q2

0) I 0,00000E+C:

0]- 0.00000E+00, DCMPCC(

0)- 0.00000E+00. DRLXCC{

1)_7,13782E-02

0)- 0,00000E+C;

0)- 0.00000K+00. ;_'_,_CCI

0)- 0.00000K+00. DRLXCC{

I}--6.78086E-C2

0)- 0.00000E+3_

0)- 0.00000E+00, DTHPCC(

0)- 0.00000E+00, DRL_CC(

1)_6.442B4E-32

0)- 0.0000CE_aC

T I - 50.8454 T 99 - -320.0000 T 100 - 100.0000 T

I (C) COPYRIGHT 1982,1983,1984,1985. 1906. 1907 J.O.GASKI SIHDA/1987/ANSI 1.31 NETNORK A_ALYSIS ASSOCIATES. INC. - 9AGE

T_- 4.40001K+00, DTIMEU- 5.00000E-03, CSGMIN ( I)- 2.72253E÷00, ATMPCC(
LOOPCT- 0 , A_LXCC(

T I - 49.5893 T 99 -- -320.0000 T 100 - 100.0000 T

TIME- 4.50001K+00, DTI_B_U- 5.00000E-03. CSGNIN( 1)- 2.72589E÷00. A_PCC(

LOO_CT- 0 , _LXCC{

T I - 4|.3955 T 99 - -320.0000 T 100 - 100.0000 T

TI_- 4.60002E+00, DTIMEU- 5.00000E-03, CSGMIN( i}- 2.72909E+00, ATM_CC(

LOOPCT- 0 , ARLXCCI

T I - 47.2608 T 99 - -320.0000 T 10G - I00.0000 T

o.....**•.=....**

TI_Z- 4.70002K+00, DTIMEU- 5.00000E-03, CSGMIN{

LOOPCT- 0

T 1 - 46.1820 T 99 - -320.0000 T 100 -

TI_- 4.80002E÷00, DT_MEU- 5.00000E-03, CSGMIN (

LOOBCT- 0

T 1 - 45.1564 T 99 - -_20.0000 T L00 -

1)- 2.73212E+00, ATMPCC(
. ARLXCC(

i00.0000 T

11- 2.7_499E+3_. ATMPCC{

, A_LXCC(

lO0.O000 T

0)- 0.00000E+00, D_CC(

0)- 0.00000E+00, DR_XCC (

0)- 0.00000E÷00, DTMPCC(

0)- 0.00000E÷00. DRLXCC(

0)- 0.00000E+00, DTMPCC[

0)- 0.00000E+00. DRLXCC[

01- 0.00000E+00, DTMPCC(

0)- 0.00000E÷00. DRLXCC(

0)- 0.00000Z+00. DTHPCC(

0)- 0.00000E+0O, DRLXCC(

1)_6.12268E-72

0)- 0.00000E _:

I)--5.81934£-::

0)- 0.00000E*?_

I]--5.53183E

01- 0,00000£'.

I)--5.25926£-

0)- 0.00003E-

I)--5,00C78E

g)- 0.30000E"

2-3-8



****** ***t u******

TI_- 4.$0002E+00, DTIMEU- 5.00000E-03, CSC4qIN( i)- 2.7377]E+00, ATM_CCI

LGOPCT- 0 , ARLXCC (

T 1 - 44.1811 T 9_ - -320.0000 T 100 - 100.0000 T

* ee*** e* *

TII_- S.00002E+00, DTI_aKU- S.00000E-03, CSGNIN( 1]-2.74032E+00, ATMPCC!

LCOPCT- 0 , ARLXCC (

T 1 - 43.2535 T 99 - -320.0000 T 100 - 100.0000 T

emit ee it •

TIt_- S.10003E+00, DTIHEU" 5.00000£-03, CSGMIN[ 1)" 2.7427|E÷00, ATM_CC(

U3OPCT- 0 , ARLXCC (

T 1 " 42.3713 T 99 " -320.0000 T 100 - 100.0000 T

*• ,*eeoeet* • 88* eo

TI_" 5.20003E÷00o DTIMEU- 5.00000[-03, CSGMIN( L)- 2.74512E+00, ATKPCC(

._:X_PCT- 0 , ARLXCC (

0)- 0.00000[+00, DTHPCC(

0)- 0.O0000E+O0, DRLXCC(

0)- 0.O0000E+00, DTMPCC(

0)- 0.00000E÷00, DRLXCC(

0)- O.O0000E+O0, D_CC(

0)- 0.00000[+00, DRLXCC[

0)- 0.00000¢+00, DTHPCC(

0)- 0.00000E+00, DRLXCC(

1)_4.75559E-02

0)- 0.00000E*00

1)--4.52295Z-02
0)- 0.00000E÷00

1)_4.30218E-02

0)- 0.00000E+00

11_4.09263E-02

0)- 0.00000E+00

T 1 - 41.5321 T 99 o -320.0000 T 100 o 100.0000 T

1(C) COPYRZGHT 1982o19|3,1984,1985,1936,1987 J.D.GASKI SINDA/1987/AMSI 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAGE

TIME-- 5.30003E+00, DTIMEU-- S.00000Z-03 CSGMINI I)- 2.74735Z+00, ATI_CC(
LOOPCT.- 0 , ARLXCC(

T 1 - 40.733? T 99 - -320.0000 T 100 - 100.0000 T

**t, *** , • ** ***e*•

TIl_- 5.40003E+00° _TIH,EU- 5.00000E-03 CSGMINt 1)- 2.74946E+00, ATMPCC(

LOOPCT- 0 , ARLXCC(

T I - 39.9742 T 99 - -320.0000 T 100 - 100.0000 T

TIME- 5.$0004E+00, DTIM,EU- 5.00000E-03 CSC.MIN( 1)- 2._5147Z+00. ATMPCC(

._DOPCT- 0 , ARLXCC(

T i - 39.2514 T 99 - -320.0000 T 100 - I00.0000 T

TZME- 5.60004E+00, DTIREU-- 5.00000_-03 CSGMIN( 1)- 2.75338E+00. ATMPCC(

_OOPCT- 0 , ARLXCC(

T 1 * 3|.5636 T 99 - -320.0000 T 100 - 100.0000 T

TII'_- 5.?0004E+00, DTIMEU- 5.00000E-03 CSGMIN( 1)-- 2.75519Z+00. ATM.BCC(

LC_PCT- 0 , ARLXCC(

T L - 3?.9091T 99 - -320.0000 T 100 - 100.0000 T

**t* * *****,******

TZ_- 5.80004E+00, DTIH_U- 5.00000E-03 CSGMIN( 1)- 2.75692E+00, ATMB'CC(

LQOPCT- 0 , ARLXCC(

T i - 37.2462 T 99 - -320.0000 T 100 - 100.0000 T

TIME- $.90004E+00, DTIMEU- 5.00000E-03 CSGMIN| I)- 2.75856E+00, AT?4_CC(

I.EOPCT- 0 , ARLXCC(

T I - 3_.6_32 T 99 - -320.0000 T 100 - 100.0000 T

*•*e*************

TIME- 6.00005E+00, DTIMEU- 5.00000E-03 CSGMIN( _)- 2.76012E+00o ATM_CC[

LOOPCT- 0 . ARLXCC(

T 1 - 36.[281 T 99 - -320.0000 T 100 - 100.0000 T

**************e**

TIME- 6.10003E+00, DTINEU- 5.00000E-03 CSGMIN( _)- 2.76160E+00, ATMPCC(

LOOpCT- 0 , ARLXCC(

0)- 0.00000g+00 OTMPCC{

0)- 0.00000g+00 DRLXCC{

I)--3.89366E-02

0)- O.O0000E+O0

0)- 0.00000E+00 DTMPCCI

0)- 0.00000E+00 DRLXCCI

I1_3.70473E-02

01- 0.00000E*00

0)- 0.O0000Z+O0 DTM.PCC(

0)- O.O0000Z+O0 DRLXCC(

1]--3.52528E-02

0]- 0.00000E+00

0)- 0.00000E+00 DTHPCC(

0)- 0.00000B+00 DRLXCC(

1)--3.35481E-02
0)- 0.00000E*O0

0)- 0.00000E+00 D134PCC(

0)- 0.00000E+00 ORLXCC(

[)--3.I9284E-_2

0)- 0.00000E+00

01- 0.00000E+00 DTHPCC(

01- 0.00000E+00 DRLXCC(

L)--3.03894E-02

0)- 0.00000E+00

0l- 0.00000E+00. DTHPCC(

0)- 0.00000£+00, DRLXCC(

1)_2.$9266E-02

0)- 0.00000E+00

0]- 0.00000E+00, DTH_CC(

0]* 0.00000E+00o DRLXCC(

I)_2.75360E-02

0)- 0.O0000E+O0

0]- 0.00000E+00, DT'MPCC(

0]- O.O0000E÷O0, DRI.,XCC(

I)_2.62142E-02

0)- 0.00000E+00

T I - 35.5914 T 99 - -320.0000 T I00 - 100.0000 T

l(C) COPYRIGHT 1902,19|3,19|4,19|5,19|6,19|? J.D.GA3KI $1NDA/1987/ANSI L.31 NETWORK ANALYSIS ASSCC[ATES, INC. - PAGE

TI_- 6.20005E+00, DTZHEU- 5.00000E-03, CSGMIN( 1)- 2.76301E+00, ATMPCC(

bOOPCT- 0 , ARLXCC(

T i - 35.0_99 T 99 - -320.0000 T 100 - 100.0000 T

TIHE- _.30005E+00o DTIMEU- 5.00000E-03, CSGMIN( l)- 2.76436E+00, AT_CC(

IZ)OPCT- 0 , _RLXCC(

T I - 34.5928 T 99 " -320.0000 T 100 " I00.0000 T

********e********

TIM_- 6.40006E+00, DTIHEU- 5.00000Z-03o CSGMIN( l)" 2.76563_+00 ATH_CC(

IJ3OPCT- 0 _RLXCC(

T I - 34.1291 T 99 - -320.0000 T 100 - i00.0000 T

TI_- 6.50006Z+00, DTI_EU- 5.00000E-03, CSGMIN( i)" 2.76685E*00 ATM_CC(
[Z)OPCT- 0 _RLXCC{

T 1 - 33.6176 T 99 - -320.0000 T 100 - LO0.0000 T

01- 0.00000E+00, OTM_CC(

01- 0.00000Z÷00, DRLXCC(

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

0)- O.O0000E+O0 DTM/'CC(

0)- 0.00000E+00 DRLXCC(

0)- 0.00000E+00 DTM!=CC(
0)- 0.00000E÷00 DRLXCC(

1)--2.49572E-02

0)- 0.00000E*00

1)--2.37619E-02

0)- O.00000E_O0-

l)--Z.26252E-:_

Z)--2.15442E-Z2

0)- 0,00000E+,_Z

2-3-9



*ttttQI*ttttIImIB

TI_- I;.6000EE+00. DTII_J- $.00000Z-03, CSGHIN( 1)- 2.7EII01E+00, A'_4PCC(

LOOPCT- 0 , ARLXCC (

T 1 - 33.2E71 T 99 - -320.0000 T 100 - 100.0000 T

TIME- 6.70006E+00. DTIMEU- S.00000B-03, CSGMIN( 1)- 2.76911E+00, ATMPCC(

LOOPCT- 0 , ARLXCC (

T 1 - 32.116G7 T 99 - -320.0000 T 100 - 100.0000 T

**eemte* *eerie •

TIME- 6.$000?E+00, DTIMEV- 5.000001-03. CSGMIN( 1)- 2.77015Z+00, ATM_CC(

IEOPCT- 0 , ARLXCC (

T 1 - 32.4854 T 9% - -320.0000 T I00 - 100.00O0 T

..B•tii**te•iit**

TZ_-6.90007E+00. DTIMEU-5.00000E-03, CSGMIM( I)-2.77113E+00, ATR_CC(

LOOPCT,- 0 . ARLXCC (

T 1 - 32.1223 T 99 - -320.0000 T 100 - 100.0000 T

e** ee * e**• ets *mr *

TI_-7.00007E+00, DTIMEU-5.00000S-03, CSGMZS( 1)-2.772108+00, ATMPCC|

LOOPCT'- 0 , ARLXCC {

T 1 - 31.7764 T 99 - -320.0000 T 100 - 100.0000 T

l(C) COPYRIGHT 1902,1983.1984,1905,1986,1907 J.D.GASKI

0)- 0.00000E+00, DTI_CC(

0|- 0.00000E+00, DRLXCC(

1)--2.0515|S-02

01- 0.00000E+00

0)- 0.00000E+00, DT_CC(

0)- 0.00000E+00, DRL.XCC(

1)_1.95374E-02

0J- 0.00000S+00

0)- 0.00000S+00, DT'NPCC(

0)- 0.00000E+00. DRLXCC(

1)_1.86066E-02

0)- O.O0000E+O0

0)- 0.00000E+00, DTMFCC|

0)- 0.00000E+00, DRLXCC|

1)--1.7720|E-02

0)- 0.00000E+00

0)- 0.00000E÷00, DTMPCC(

0)- 0.00000E+00, ORLXCC(

1)_L.6|779S-02

0)- 0.00000E+00

SINDA/1907/AM$1 1.31 NgTNORS ARALYSI5 ASSOCIATES. INC. - PAGE 9

•tttt=*tttt,t*ttt

TIME- 7.10007S+00, DTII_ZU- 5.00000S-03, CSGMIN( 1)- 2.77300E+00, ATMPCC(

[EOpCT- 0 , ARLXCC(

T I - 31.4470 T 99 - -320.0000 T 100 - 100.0000 T

el •t.tilt •* *• tttt

TI_- 7.20007S+00, DTIMEU- 5.00000E-03o CSGMIN( 1)- 2.773|6E+00, ATMPCC(

LOOPCT- 0 ARLXCC(

T I - 31.1331 T 99 - -320.0000 T LO0 - 100.0000 T

,tier tte*•**t tt.,,,-',3ooo,s.oo. ,ooooo,-o .
LOOPCT- 0

T I - 30.0342 T _ - -320.0000 T 100 -

•lemtttettttt•tt*

TIME-- 7.4000BE+00, DTIMEU- S.00000E-03, CSGMIN(

LOOPCT- 0

T 1 - 30.5495 T 99 - -320.0000 T 100 -

t*m•,***im*•e•tl,

TIV_- 7.50005S÷00. DTIMEU- 5.00000S-03. CSGMIN(

LDOPCT- 0

1)- 2.7746|E+00, ATMPCC(
ARLXCC(

I00.0000 T

1)-- 2.77546S+00, ATMIDCC(
ARLXCC(

100.0000 T

ll- 2.77620S+00, ATHPCC(
AR._XCC (

T I - 30,2?|3 T 99 - -320.0000 T I00 - Z00.0000 T

H.tte.e**teta.ll

Tlt_- 7.6000|E+00, 0TIMEU- 5.00000_-03, CSGMIM| i)- 2.7769_+00. ATMPCC(
LOOPCT- 0 ARLXCC(

T 1 - 30.0200 T 99 - -320.0000 T 100 - 100.0000 T

l..•ialt*tttttllt

TIME- 7.70009S+00. DTIMEU- 5.00000S-03, CSGMIN( i)- 2.7775|S+00, ATMPCC[
LOOPCT- 0 ARLXCC(

T I " 29.7730 T 99 " -320.0000 T i00 - _00.0000 T

•.t • mltttttlt_,**

TIM_" 7.|0009St00, DTI_U" 5.00000E-03, CSGMIMI 1)" 2._7522E+00, ATMPCC (

LOOPCT- 0 , ARLXCC(

T i - 29.5394 T 99 - -320.0000 T 100 - 100.0000 T

TII_- 7.90009E+00, DT_HEU- 5.00000E-03, CSGMIN( I]- 2.77883E+00, ATMPCC(

L_OPCT- 0 , ARLXCC(

0)- 0.00000S÷00, DTMPCC(

0)- 0.00000g+00, DRLXCC(

I]_1.60730E-02

0|- 0.00000E+00

0)- 0.00000S+00, D"_3_'CC(

0)- 0.00000E+00, DRLXCC(

1)_L.53122E-02
0)- 0.0000OE*00

0)- 0.00000E+O0, DTMPCC(

0)- 0.00000E+O0, ORLXC_(

L)_l.45055E-02

0)- 0.00000E*00

0)- 0.00000S+00, DTMPCC|

0)- 0.00000Z+00, DRLXCC!

I)_I.38738E-_2

0}- 0.000OOE+0C

0)- 0.00000E+00, DT_PCC(
0)- 0.00000E+00, DRLXCC(

I)--L.32353E-_2

0)- 0.00000E_00

OI- 0.00000E*00. DTH?CC(

0)- 0.00000E+00, DRbXCC(

1)--1.26055E-02

0)- 0.00000£+00

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, ORLXCC(

1)--_.20117E-02

0)- 0.00000E.0_

01- 0.00000E+00, DTN_CC(

0)- 0.00000S+00, DRLXCC(

I)_I.L4435E-02

0)- 0.00000E*90

0)- 0.00000E+00, DTMPCC(

01- 0.00000E+00, DRLXCC(

I)--L.09024E-_2

0)- 0.00000E*_3

T i - 29.3160 T 99 - -320.0000 T i00 - 100.0000 T

I(C) COPYRIGHT 1982.1983,19|4, 19|5,1906.1987 J.D.G_KI 51NDA/19E7/ANSI 1.31 NETWORK _ALYSIS ASSOCIATES. INC. - PAGE
L0

TIME- 1.00009E÷00, DT[MEU- 5.00000Z-03, CSGMIN( l)- 2.77941E+00, ATMPCC(

LDOPCT- 0 , ARLXCC(

T _ - 29.1032 T 99 - -320.0000 T i00 " [00.0000 T

TIME- $.10009S+00, DTIMEU- S.00000E-03. CSGMIN ( I)- 2.77997E+00, ATMPCC(

LOOPCT- 0 , ARLXCC (

T i - 20.9005 T 99 - -320.0000 T I00 - L00.0000 T

TIPOK- $.20010E+00, DTIMEU- 5.00000E-03, CSGM£N( i)- 2._8050E*_0, AT_FCC{

LOOPCT- 0 , ARLXCCI

T i - 28.7072 T 99 - -320.0000 T 100 - I_00000 T

0)- 0.00000E+00, DTH_CC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, D_CC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000S+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

I)--I.03873E 22

0)- 0.00000E_C_

1)--9.89668E-_

0)- 0.00000E-_:

1)--9.42936E-'
O)- O,O00_CE-

2-3-10



* =*** • • ****

TIME- |.30010E+00, DTIME_- 5.000008-03, CSGMIN( 1)- 2.?|100E+00, ATM]PCC(
• ARLXCC (LOOPCT- 0 •

T 1 - 28.5231 T 99 - -320.0000 T 100 - 100.0000 T

TZ_- $.40010[+00, DTZ_U- $.00000[-03. CSGMIH| 1)- 2.78145E+00, ATFJC'C(

IJOOPCT'- 0 , ARLXCC (

T I - 28.3477 T 99 - -320.0000 T 100 - 100.0000 1"

..... ;......... ;TI_-* .30010Z+0 , DTIMEU- 5.00000E-03, CSGMI)#( 11- 2.?|193E+00, ATMPCC(

LOOPCT- 0 , AJI_LXCC (

T 1 - 20.1806 T 99 - -320.0000 T 100 - 100.0000 T

• •., •*•*••••m* •*•

TI_- |.S0011Z÷00, DTIF_U- $.00000E-03, CSGMIN(

[EOPCT- 0

T I - 20.0213 T 99 - -320.0000 T i00 -

TI_- 8.70011E÷00° DTZI_ZU- 5.00000E-03, CSGMIN(

_OOPCT- 0

T I - 27.|696 T 99 - -320.0000 T 100 -

TI_- |.80011E÷00o OTIMEU- 5.00000E-03, CSGNIN(

LOOPCT- 0

1)- 2.7|237E+00, ATMPCC(

• ARLXCC (

I00,0000 T

i)- 2.7027|E+00, ATMPCC(
, ARLXCC(

100.0000 T

1)- 2.75317E+00, ATM_CC(

. ARLXCC {

0)- 0.00000Z+00, DT_CC(

0|- 0.00000Z+00, DRLXCC(

0)- 0.00000E÷00, OTMPCC(

0)- 0.00000E÷00, DRLXCC(

i)_0.98426E-03

0)- 0.00000[*00

0)- O.O0000E+O0, DTMPCC(

0)- O.O0000E+O0, DRLXCC(

I)_|.$6046E-03

0)- 0.00000E+00

0)- 0.00000E÷00, DTMPCC(

0)- 0.00000E÷00, DRLXCC(

I)_8.15676E-03

0)- 0.00000E+00

0)- 0.00000Z÷00, DTMPCC(

0)- 0.00000E÷00, DRLXCC[

I)_7.77226E-03

0)- 0.00000E+00

0)- O.O0000g÷O0, DTMPCC(

0)- 0.00000E+00, DRLXCC (

I)_7.40605E-03

0)- 0.00000E+00

I)--7.05717E-03
0)- 0.00000E+00

T i - 27.7250 T 99 - -320.0000 T 100 - 100.0000 T
1(C) COPYRIGHT 1992,1983,19|4,19|5,1986,1987 J.D.GASKI SINDA/1907/AMSI 1.31 NETIORK ANALYSIS ASSOCIATES, IHC. - PAGE 11

TI_- |.900112÷00, DT2MEU- 5.00000E-03, CSC,MIN( i)- 2.78355E+00, ATMPCC(

IEOPCT- 0 , ARLXCC(

T 1 - 2?.$$72 T 99 - -320.0000 T L00 - 100.0000 T

**•!*** ***, •, ***e

TI_- 9.00012E+00o DTII4_U- 5.00000E-03, CSGMIM( 1)- 2.75391E+00, AT?4PCC(

LOOPCT- 0 , ARLXCC(

T I - 27.4560 T 99 - -320.0000 T i00 - I00.0000 T

**J****•,=•******

TI_- 9.100125÷00, DTIMEU- 5.00000E-03, CSGMIN( 1)- 2.78425£+00, ATMPCC(

LOOPCT- 0 , ARLXCC(

T I - 27.3308 T 99 - -320.0000 T 100 - i00.0000 T

TIH_- 9.20012E+00, DTIMEU- 5.00000E-03, CSGMIN ( i)- 2.75457Z+00, ATMPCC(

IZ)OPCT- 0 , ARLXCC(

T 1 - 27.2116 T 99 " -320.0000 T i00 " 100.0000 T

TI_" 9.30012£+00, DTIMEU- 5.00000E-03, CSGMIN( i)- 2.78408E+00, ATM�CC

LOOPCT" 0 , ARLXCC

T i - 27.0900 T 99 " -320.0000 T 100 - _00.0000 T

TIME-- 9.40012E÷00, OTIMEU-- $.00000E-03, C$CJ4IN( l)- 2.?g$1_E+00

I_OOPCT" 0

T I - 26.9|97 T 99 - -320.0000 T 100 - 100.0000 T

****** t•****

TIME" 9.S00132+00, DTIMEU" S.00000E-03, CSC,MIN (

I.XX)PCT- 0

T I - 26.0865 T 99 - -320.0000 T 100 - _00.0000 T

********•**H*•••

T_- 9.600132÷00, DTIHEU- $.00000E-03, CSGMIN(

bOOPCT- 0

T I - 26.7882 T 99 - -320.0000 T i00 - i00.0000 T

TII_- 9.70013E_00, DTIMEU- 5.000005-03, CSGMIN{

IXX)PCT- 0

ATMPCC

i)- 2.75546E+00 ATHPCC(

ARLXCC(

I)- 2.78572E÷00, ATMPCC(

• ARLXCC(

1)- 2.70590E_00. ATMgCC[
• ARLXCC(

0)- 0.00000E+00, DTMgCC(

0)- 0.00000E+00, DRLXCC(

0}- 0.00000E+00, OTMPCC(

0)- 0.00000E+00, DRLXCC(

I)--6.72491E-03

0)- 0.O0000E+00

0)- 0.000002+00, DTNPCC(

0)- 0.00000E+00, DRLXCC(

1)--6.40047E-03

0]- 0.00000E÷00

0)- 0.00000E+00. DTMPCC[

0)- 0.00000£+00. DRLXCC(

I)--6.10687E-03

0)-- 0.00000E+00

0)- 0.00000E+00, DTMFCC(

0)- 0.00000E÷00, DRLXCC(

I)--5.81961E-03

0)- 0.00000E+00

0]- 0.00000£+00, DTHPCC(

0]- 0.00000E÷00, DRLXCC(

1)--5.54591E-03

0)- 0.00000E+00

01- 0.00000E+00. DTHJPCC(

0l- 0.00000Z+00. DR.LXCC(

1)--5.2g505E-03

0)- 0.00000E+00

0)-- 0.00000_÷00, DTMPCC(

0)" 0.00000E÷00. ORLXCC(

1)_5.03663E-03

0)- 0.00000E*00

0)- 0.00000E+00, DTMPCC(

0)- 0.00000E+00, DRLXCC(

1)_4.79993E-03
0)- 0.00000E*00

t)--4.57450E-03

01- 0.00000E*00

T I - 26.6945 T 99 - -320.0000 T 100 - 100.0000 T

I (C) COPYRIGHT 1982, 1983,1904, 1985, 1986,1987 J.D.GA.SK[ 51NDA/19E?/ANS[ 1.31 NETWORK /_ALYSIS ASSOCIATES, INC. - EAGE
12

TI_" 9.g0013E+00, DTIMEU- 5.00000E-03, CSGM[H ( 11- 2.TB622E+00, ATMPCC(

LOOPCT- 0 , ARLXCC{

T I - 26.6052 T 99 - -320.0000 T I00 " IG0.0000 T

TI_- 9.90014E_00, DTIMEU- 5.00000E-03, CSGMIN( 1)- 2.78645E_00• _TMPCC(

IX)OPCT- 0 , ARLXCC(

T i - 2_.5201 T 99 - -320.0000 T 100 - I00.0000 T

0)- 0.00000E+00, DT'_CC(

0)- 0.00000E÷00, DRLXCC(

0)- 0.00000E+00, DTH�CC(

0)- 0.00000E+00, DRLXCC(

I1--4.35957E-03

01- 0.00000E_00

1)--4.154glE-03

0)- 0.00000E'CO
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Q •ii itttmel**Dmte

TIi_ll-- 1.00000Z+01, DTINI_U- 4.|61e3z-03. CSG._I_( 1)- 2.?8667Z+00, ATI_'CC(

IJOOPC'I'.- 0 . A.RI, XCC(

T I - 26.4391T 99 - -320.0000 T 100 - 100.0000 T

0)- 0.00000Z+00, OI"I_CC(

0)- 0.000002+00. ORI,.XCC(

1)_3.$5034_-03

0)- O.O0000Z÷O0
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(6)

Multiplying bothsides of (6) by the reciprocal of the capacitance then gives

aTat" 0V-V  hAfrf T) + R(T..- T)] (7)

Co

which is now a linear differential equation, in T, that describes the transient
cool down of the tank.

The Linearized Difference Formulation:

The difference form of equation (7) is easily written. The change in temperature,
with respect to the change in time, is expressed as a function of (T + delta T), where
T denotes the temperature of the tank, prior to the time step, delta-t.

At (8)

Multiplying both sides of (8) by delta-t and expanding the result gives

AT= pV-_ hA(Tf- T) + R(T.-T)] - pVA-_CphA + R)AT (9)

from which

AT + p-_hAAt + R)AT= pV--_ hA(Tf - T) + R(T** - T)] (10)

or

pVCp (11)

Isolating delta-T on the left side of the equation gives

AT = 9--_ hA(Tf - T) + R(T.- T)]

[I + pV-_Cp hA + R)]
(12)

So then, equation (12), referred to as the finearized differencing form, may be
used to determine delta-T provided that we have a known temperature preceding
a given time step. Thus, we may determine the temperature history of the tank.
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Do Solution to the Linearized Problem:

The SINDA input file that is used to analyze the linearized problem appears on pages
2-3-15 through 2-3-17. The f'de is not particularly complex and contains only two
sections which warrant special discussion. First, the preceding differencing equation
has been coded in the execution block. It is important to note that SINDA is nothing
more than a finite difference based thermal solver that employs a number of in-

trinsic differencing schemes. The user may chose from the available options or may
elect to write and implement any particular differencing equation. The ability to

implement ones own equation adds a great deal of flexibility to SINDA. The second
section of the file which warrants brief mention is the output block, in which three-

column output has been specified. The short segments of code contained therein
were user supplied and were included for the purpose of formatting the output, as
desired.

Results obtained using SINDA are listed on pages 2-3-18 through 2-3-24 and have

been graphically represented in Figure 3.

350 °,
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" 250v
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E
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\

SINDA Solution to I inearized Problem
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Figure 3. SINDA solution to the linearized problem
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F
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C

M

M

c

C

C

c

c

c

c

c

F

F

F

C

CF

C

CF

C

SINDA INPUT FILE, LINEARIZED CASE

BCD 3THERMAL LPCS

BCD 3TEST. PC-SINDA
END

BCD 3NODE DATA

I, 300.0, 3.4

-99, -320.0, 1.0

-I00, I00.0, 1.0

END

BCD 3CONDUCTOR DATA

END

i, I, I00, 1.0

-2, i, 99, 1.3712E-9

BCD 3CONSTANTS DATA

DTIMEI,0.01

DTIMEH, 0.01

NLOOP, 100

TIMEND, 10.0

OUTPUT, 0.1

ARLXCA,.01

DRLXCA,.01

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

NDIM, 1000

END

BCD 3ARRAy DATA

END

BCD 3EXECUTION

OPEN (3, FILE="EMLFLT. PLT", STATUS="UNKNOWN,,)

WRITE (3, 2) NNT, (NX (LNODE+I), I=l, NNT)

2 FORMAT(16/,250(I6,31X, 16/))

CALL SNFRDL

GO TO 500

C BEGIN DIFFERENCING SOLUTION
C

F SIGMA-0.1714E-8

F AREAsl.0

F EM=0.8

VF=I.0

XH=I.0

RHO=IT0.0

VOL=0.1

CP=0.2

T(I)=760.0

T99=140.0
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M

F

F

M

F

F 25

C

F

F

F

M

M

M

M

M

M

F

F

M

M

M

F 1

M

M

M

M

CM

CM

M

M

M

M

M

M

F

F

M

M

M

F

F

F 500

C

c

F

C

F

F 1

C

CF

CF

C

TI00-560.0

TIMEI0.0

DTIMEU=0.01

TEMP-T(1)-460.0

WRITE (6,25 )TIME, TEMP

FORMAT (IX, 2 (FI2.4,2X))

GX-XH*AREA

CAP=RHO"VOL*CP

R-SIGMA-EM*VF*AREA

TSI-TI

TS2-T99

TS3-TI00

TI-TI-460.

T99-T99-460.

TI00-TI00-460.

TIMEN-TIME

CALL OUTCAL

TI-TSI

T99=TS2

TI00-TS3

TIME-TIME+DTIMEU

RX=R*(T(99)-*2+T(1)*t2)"(T(99)+T(1))

DELT-(DTIMEU/CAP)*(GX*(TI00-TI)+RX*(T99-TI])

DELT-DELT/(I.+(DTIMEU/CAP]*(GX+RX))

TI-TI+DELT

ANSWR-TI-460.

WRITE(6,25)TIME,ANSWR

TSI=TI

TS2-T99

TS3-TI00

TI-TI-460.

T99-T99-460.

TI00=TI0O-460.

TIMEN=TIME

IF(AMOD(TIME, 0.1).LT.0.01]CALL OUTCAL

TI-TSI

T99=TS2

TI00=TS3

IF(TIME.GT.10.0)GO TO 500

GO TO 1

CONTINUE

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

WRITE(3,1)TIMEN, (T(I),I=I,NNT)

FORMAT(EI0.3/,250(7F9.3/))

CALL TPRINT

CALL TDUMP

C THREE COLUMN OUTPUT ROUTINE, STNDRD

C

CF IF(LNODE.EQ.0)CALL NNREAD(1)

F IF(NPAGE.EQ.0 .OR. NLINE.GE.56)CALL TPLIN
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F

F

F

F

F

F

F

F

F

F

F 9

F S

S

F $

F S

F

C

C

C

F

F I00

F

F

F

F 5

F

F i0

F I01

F

F

F

F 15

F

F

F

F

F

C

C

C

F

F

F i00

F S

F

CF

J-LNODE+NCSGMN

II'NX(J)

IF(J.LE.LNODE) II-0

J-LNODE+NDTMPC

I2sNX(J)

IF(J.LE.LNODE)I2-O

JmLNODE+NARLXC

I3-NX(J)

IF(J.LE.LNODE) I3-O

WRITE(6,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC, I3,ARLXCC

FORMAT(/,IIH ***'****tt/6H TIME-FI2.5,8X,

8H DTIMEU-IPEI2.6,

8H CSGMIN(I6,2H)IIPEI2.5,/,18X,

8H TEMPCC(I6,2H)slPEI2.5,

8H RELXCC(I6,2H)_IPEI2.5)

NLINE-NLINE+4

THREE COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (6, I00)

FORMAT (IH)

NLINE-NLINE+I

J-i

L=3

IF(L.LT.NNT)GO TO I0

L-NNT

WRITE(6,101) (HT,NX(I+LNODE),T(I),I _ J,L)

FORMAT (3 (IX, AI, I6, IH-, FI2.5, IX) )

IF(NLINE._LE.56)GO TO 15

CALL TPLIN

WRITE (6, i00)

NLINE-NLINE+I

IF (L. EQ.NNT) RETURN

JsL+l

L=L+3

GO TO 5

END

THREE COLUMN OUTPUT PAGE ROUTINE

SUBROUTINE TPLIN

WRITE(6,100)

FORMAT(//////,IX,'GASKI PC-SINDA, THREE COLUMN',

' OUTPUT',/)

CALL TOPLIN

RETURN

END

BCD 3END OF DATA

2-3-17



SINDA OUTPUT LISTING, LINEARIZED CASE

(C) COPYRIGHT 09|2,1903,1904,1903,1916,19|7 J.D.GA.SKX SINDA/19|?/ANSI 1.32 NBTNOU ANALYSIS ASSOCIATES, INC. - PAGE

TEST. PC-S INDA

0.0000 300.0000

*..im.l.t*

TI_- 0. 00000

TEEUPCC (

T i- 300.00000 T

t ttilt IQtl

TI_- 0.11000

TEI_CC (

T 1- 279.05030 T

oemammotae

TI_- 0.20000
TD_CC (

T 1- 264.$7|00 T

i,,ot,l,te

TI_- 0. 31000

T Kv_C C (

T 1- 241.15420 T

Dt.,Jt,la,

TI_- 0.41000

TEMPCC (

T 1- 234.27|00 T

,ttt,te*ta

TI_B_- 0. 51000
TEMPCC (

T 1- 221.31320 T

e*tma****o

TI_- 0.61000
TEMPCC (

T i- 209. "_3_10 T

tlet.. •m.t

TI/_- 0. 71000
TZMPCC (

T 1- 191.|4170 T

TIP(Z- 0,11000

TE,V&'C C (

T i- 11|.74050 T

DTIMEU-1.000000B-02 CSGMIN( 0)- 0.00000B+00

0)- 0.00000E+00 RZLXCC( 0)- 0.00000Z+00

9g.,- -320.00000 T 100- 100.00000

DT_4EU-I,O00000E-02 CSGMINI 0|- 0.00000[+00

0)- 0.00000E+00 RELXCC( 0)- 0.O0000E+00

99-. -320.00000 T 100- 100.00000

DTL_U-1.000000E-02 CSC,MIN( 0)- 0.00000g+00

0)- 0.00000_+00 RZLXCC( 0)- 0.00000_÷00

99" -320.00000 T 100- 100.00000

DTI_U-I.000000E-02 CSGMIN ( 0)- 0.00000_+00

0)- 0.00000E+00 P.ZLXCCI 0)- 0.00000E+00

99- -320.00000 T 100- 100.00000

DTIMEU-1.000000E-02 CSGNIN( 0)- 0.00000E+O0

0)-- O.00000Z+O0 ABLXCC( 0)- 0.00000£+00

99- -320.00000 T 100- 100.00000

DTIMEU-1.00OO00E-02 CSGMIN ( 0)- 0.00000E+00

0)- 0.00000E+00 RZLXCC( 0)- 0.00000E+00

99- -320.00000 T 100- 100.00000

DTIMEU-I.000000E-02 CSGMIN( 0)- 0.00000E+00

0)- 0.00000E+00 RELXCC( 0)- 0.00000E+00

99- -320.00000 T 100- 100.00000

DTI_U-I.00OO00E-02 CEC4qlN ( 0)- 0.00000B+00

0)- 0.00000E÷00 RELXCC{ 0)- 0.00000E+00

99- -320.00000 T i00- 100.00000

DTIMEU-1.000000Z-02 CEGMIN( 0)- 0.00000E+O0

0}- 0.00000E+00 RELXCC( 0)- 0.00000E+00

99- -320.00000 T 100- 100.00000

GASKI PC-SIHDA, THREE ODLU_ OUTPUT

I(C) COPYRIGHT 1902,1913,19|4,19|5, 1916, 1907 J.D.GASKI 51MDA/19191ANSI 1.31 METWORK ANALYSIS ASSOCIATES, INC. - PAGE

TEST. PC-SINDA

mtt.i.***Q

TI_- 0.91000

TEMPCC(

T 1- 179.33410 T

TI_Z- 1.01000

TEMPCC(

T I- 170.61760 T

TI_Z- i.ii000

TER_CC

T I- 162.47000 T

,.,III,e,_

TI_Z- 1.21000
TEHPCC(

T I- 154.86040 T

.,.,.,atl*

TI_- 1.31000

TEMPCC{

T 1- _47.74330 T

TI_- 1.41000

TEMPCC(

DTIMEU-L.000000E-02 CSGMIN ( 0)- 0.00000E+00

0)- 0.00000E+00 RZLXCC( 0]- 0.00000E+00

99-- -320.00000 T 100- 100.00000

DT_MEU--1.000000E-02 CSC,MIN( 0)- 0.00000E+00

0|- 0.00000£+00 REI,XCC( 0)- 0.00000E÷00

99- -320.00000 T 100- 100.00000

DTIMEU-1.000000E-02 CSGNIN ( 0)- 0.00000£+00

0)- 0.00000E+00 RELXCC( 0)- 0.00000E+00

99- -320.00000 T i00- iO0.O0000

DTIHEU-I.000000E-02 CSGMIN( 0)° 0.00000E+00

0)" 0,00000Z+00 RELXCC( 0)- 0.00000E÷00

99- -320.00000 T I00" i00._0000

DTI_U-I.000000E-02 CSGMIN( 0)- 0,00000E+00

0)- 0,00000E+00 RELXCC( C)- 0.0oo00_+00

99- -320.00000 T 100- I00,00o00

DT_MEU-I.000000_-02 CSGMIN( 0)- 0,30000E+O0

0|- 0.00000E+00 RE_CC( _)- 0.30C00E+00
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T 1- 141.0"7820 T 99,- "-320. 00000 T 100-

TIP_- 1. 51000 DTIF_U--1.000000E-02 CSCJ(IN(

T_IPCC ( O) - 0.00000_+00 R_LXCC I

T 1- 134,12190 T 99'- -320.00000 T 100-

TZP_- 1.61000 DTZHEU-1. 0000001-02 CSG_ZN (

TEMPCC( 0)- 0.00000E+00 AZI,XCC(

T 1- 12|. 96310 T 99- -320. 00000 T 100-

TZ_- 1.71000 DTI_U-1. 000000E-02 CSCJ4ZN {

_CC( 0)- 0.00000_+00 PJELXCC(

T 1- 123.45200 T 99- -320.00000 T 100-

100.00000

0)- 0.00000E+00

0}- 0.00000E+00

100.00000

0)- 0.000002+00

0)- 0.00000Z÷00

100.00000

0)- 0.00000E+00

0)- 0.00000_+00

100.00000

C_SKI PC-$ZNDA, THREE COLUHN OUTPU'_

1(C) COPYRIGHT L9|2,19|3,19|4.1985,19e6,1907 3.D.GASXI

TI_T. PC-SIb'DA

TIPZ- 1.81000 DTZFJCU-I.000000E-02 CSC.ItZN(
TEtCPCC( 0)- 0.00000E÷00 RELXCC(

T 1- 111.26900 T 99- -320.00000 T 100-

TI_- 1.91000 DT1t_L_U-1.000000E-02 CSGNIN (

TEHPCC( 0]- 0.00000¢+00 R_LXCC(

T 1- 113.39090 T 99- -320.00000 T 100-

T[_- 2.01000 DTIMZU--I.000000E-02 CSGNIN(

TEHPCC( 0)- 0.00000E+00 RE[,XCC(

T L- 101.79570 T 99- -320.00000 T 100-

TTPE- 2.11000 DTIMEU-I.000000R-02 C.,_T,,NIN(

TEF_CC( 0)- 0.00000E÷00 REI.XCC(

T 1- 104.46420 T 99- -320.00000 T 100-

T[/,_- 2.21000 DTZN_U--1.000000E-02 CSC./.IIN !

TEtdPCCI 0)- 0.00000E÷00 RELXCC(

T 1- 100.37130 T 99- -320.00000 T 100--

T[A'_- 2.31000 DTIMZU-1.000000E-02 CSGMIN I

TE/CPCC( 0)- 0.00000Z+00 RZLXCCI

T 1- 9K.52179 T 99- -320.00000 T 100-

TIt, B_- 2.41000 DTZREU-L.000000Z-02 CSCJ4IN (

T,EJ4PCC( 0)- 0.00000E+00 RZLXCC(

T 1- 92.87946 T 99- -320.00000 T 100-

T[/'g_- 2.51000 DTIMEU--1.000000E-02 CSGMIN(

TFJ4PCC( 0)- 0.00000_÷00 RELXCC(

T 1- 89.437?4 T 99- -320.00000 T 100-

TI/'_- 2.61000 DTZHI_U-I.000000E-02 CSGMIN (

T_IIDCC( 0)- 0.00000E+00 R[LXCC(

T L- 86.18402 T 99- -320.00000 T 100-

$INDA/1987/_SZ 1.31 N[TMORK _ALYS15 ASSOCIATES, INC. - P&G 1_

0)- 0.00000E+00

0)- 0.00000E÷00

100.00000

0)- 0.00000E+00

0)- 0.00000_+00

100.00000

0)- 0.00000E+00

0)- 0.00000Z+00

100.00000

0)- 0.00000E÷00

0)- 0.00000_÷00

100.00000

0)- 0.00000E+00

0)- 0.00000E+00

100.00000

0)- 0.00000£+00

0)- 0.00000E+00

L00.00000

0)- 0.00000E+00

0)- 0.00000E+00

100.o0000

0)- 0.00000E+00
0)- 0.00000E+00

100.00000

0)- 0.00000E+00

0)- O.O0000E+O0

100.00000

CASK[ PC-SZICDA, THR_E COLU_ OUTPUT

[(C) COPYRIGHT 19S2,19e3,19|4,1905,19S6.196? 3.D.GA3K[

TEST. PC-$INDA

T_H[- 2.71000 _[HZU-I.000000E-02 CSCMIN(

TFJ4PCC( 0)- 0.00000E+00 RELXCC(

T 1- 63.10626 T 99-- -320.00000 T L00-

TIPE- 2.81000 DTIMJZU-L.000000E-02 CSGN[N(

TEMPCC( 0)- 0.00000E*00 _ELXCC(

T L- 60._9379 T 99- -320.00000 T 100-

SINOA/19BT/A_SI 1.31 NETWORK ANALYSIS A_SC_IATE$, INC. - PAGE

0)- O.O0000E+O0

0)- O.O0000g÷O0

L00,00000

0)- 0,00000E+00

0)- 0.00000E+00

L00.00000
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****el..,

TI_- 2.91000 DTTJ_U-L.000000E-02 CSG_IZN( 0)- 0.00000E+00

TGq2CC{ 0)- 0.00000E+00 RZLXCC( 0]- 0.00000E+00

T 1- 77.43671 T 9gm -320.00000 T 100- 100.00000

*llteDt,te

TIME" 3.01000 DTZ/_U'I.000000E-02 CSGNIN( 0)" 0.00000E+00
TFJSPCC( 0]-- 0.00000Z+00 I_LXCC( 0)- 0.00000E+00

T 1- ?4.82556 T 99" -320.00000 T 100- 100.00000

TZ_" 3.11000 DTIHEU'L.000000E-02 CSCJqIN( 0)" 0.00000E+00

TYJ¢PCC( 0)" 0,00000E+00 RELXCC( 0)- 0.00000E+00

T 1- 72.35111 T 99- -320.00000 T L00- 100.00000

.lt*ae t*e

TIME- 3.21000 DTIMEU-I.000000E-02 CSGkqlN( 0)- 0.00000Z+O0

TYJSPCC( 0|- 0.00000_+00 RELXCC( 0)- 0.00000E+00

T 1- 70.00?45 T 99- -320.00000 T 100- 100.00000

TIME- 3.31000 DTIHEU-1.000000_-02 CSGt4IN( 0)- 0.00000[÷00

TE_CC{ 0)- 0.00000E+00 RKLXCCI 0]- 0.00000E+00

T 1- 67.98491 T 99" -320.00000 T 100-- 100.00000

*ttell • tel

TIMB- 3. 41000 DTIMEU-1. 000000E-02 CSGMIN ( 0)- 0. 00000K+O0
TEV_CC ( 0 ) - 0.00000E ÷00 RELXCC ( 0 )- 0. 00000Z+ 00

T 1- 65.67731 T 99- -320.00000 T 100- 100.00000

le,,**,l**

TIME- 3.51000 DTIRF.'J--I.000000E-0Z CSGNIN( 0]- 0.00000E÷00
TEMPCC( 0)- 0.00000Z÷00 RZLXCC{ 0)- 0.00000K+00

T 1-- 63,67|04 T 99-- -320.00000 T 100- 100.00000

CASK! PC-SINDA, THREE COLUMN OUTPUT

I(C) COPYRIGHT 19|2,19|3,19|4, 19|5,19|6,1967 J.D.GA.qKI $INDA/196?/ANSI 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAGE

TEST. PC-SINDA

m.lmmwalmt

TI_" 3. 61000 0TIMEU'I.000000E-02 CSGMIN( 0)- 0.00000Z+00

TKHPCC ( 0)- 0.00000E+00 RKLXCC{ 0)- 0.00000E+00

T i- 61.7|113 T 99- -320.00000 T 100- I00.00000

o,tit,e_,t

TIME- 3.71000 DTIMEU-L000000K-02 CSGMZN( 0)- 0.00000E+00
TEMPCC( 0)- 0.00000E+00 RELXCC( 0)- 0.0000OK+00

T 1- 59.96063 T 99- -320.00000 T 100- 100.00000

,,,lift,re

TIME- 3.11000 DTIMEU-I.000000E-02 CSGMIN| 0]- 0.0Q000E+00

T_CC( 0)- 0.00000E+00 RK_CC( 0)- O.00000E÷O0

T 1- 56.27185 T 99- -320.00000 T 100- 100.00000

,,etlttt,,

TZ_- 3.91000 DTIMKU-L.000000E-02 CSGMIN( 0)- 0.00000E+00
TEMPCC( 0)- 0.00000Z÷00 RKLXCC( 0)- 0.00000E+00

T 1- 56.64911 T 99- -320.00000 T 100- 100.00000

m,,,llie,l

TIME- 4.01000 DTI.MEU--1.000000B-02 CSGNIN ( 0)- 0.00000K÷00

TEMBCC( 0)- 0.00000E+O0 RELXCC( 0)- 0.00000E÷00

T 1- 55.10|03 T 99" -320.00000 T 100- 100.00000

TIME- 4.11000 DTIMEU-L.0000OOE-02 CSGMINI 0)- 0.00000E+00
TEMPCC( 0)- 0.00000K+00 RELXCC{ 0]- 0.0000oE+00

T 1- 53.64410 T 99- -320.00000 T I00- 100.00000

TIME- 4.20000 DTIMEU-L.000000E-02 CSGMIN ( 0)- 0.00000E*00
TE.MPCC[ 0)- 0.00000E+00 _ELXCC( 0)- 0.00000E+00

T 1- 52.3_916 T 99- -320.00000 T 100- 100.00000

TI_- 4.30000 DTI_EU--I.000000E-02 CSGMIN( 0)- O.OO000E+O0

TE.HPCC( 0)* 0.00000E+00 RELXCC( 0)- 0.00000E+00

T i- 51.06082 T 99_ -320.00000 T I00- I00.00000

TIME- 4.40001 DTIMEU-L.000000E-02 CSGMIN{ 01- 0.00000E+00

TEMPCC( 0)- 0.00000E÷00 RELXCC( 0)- 0.OC0_0E+00

T I- 49._9837 T 99. -320.00000 T I00- I00.00000
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GASKI PC-SINDAo THREE COLUP_ OUTPUT

1(CI COPYRIGHT 1952,19|3,1904,1915,19|6o19|7 3.D.GA.qKI $INDA/191?/ANSI 1.31 N_TWORK ANALYSIS A.qSOCIATES, INC. - PAGE

TEST. PC-S INDA

leeBtiDm • i

TIMB- 4. 50001

TE.,MPCC (

T l-- 4|, 59136 "T

iaeettlttt

TI_- 4.60001

TEMPCC (

T L-- 47.4575i T

TI_- 4. 70001

TE24PCC (

T i- 46.37292 T

ettt,tt,*e

TI_" 4 •80001

TEMPCC

T 1- 45.34146 T

eeetteetle

TIME- 4. 90002

TEMPCC {

T 1-- 44. ",6047 T

ttllllt_te

TIM_- S. 00002
TE.MPCC

T L- 43.42740 T

***i,I,tl,

TIME- 5.10002

TEMPCC

T L- 42.53973 T

it********

TIME- 5.20002

TEMPCC

T I- 41.69519 T

,*mt*t_e**

TI_- 5.30003

TEMPCC

T _- 40.89169 T

DTLVdZU--1.000000&-02 CSGMIN( 0)- 0.00000E÷00

0)- 0.00000E+00 RZLXCC( 0)- 0.00000E+00

99" -320.00000 T 100. 100.00000

DTZMI_U-L.000000E-02 CSGMIN( 0)- 0.00000_+00

0)- 0.00000E÷00 REI.XCC( 0)- 0.00000E÷00

99- -320.00000 T L00- 100.00000

DTIMEU-L.000000E-02 CSGMIN( 0)- 0.00000E+00

0)- 0.00000E+00 RELXCC( 0)- 0.00000Z+00

99- -320.00000 T 100- 100.00000

DTI.'_U-t.000000E-02 C_ZN( 0)- 0.00000Z÷00

0)- 0.00000E+00 RELXCC( 0)- 0.00000&*00

99- -320.00000 T 100- I00.00000

DTIMEU-1.000000E-02 CSGMZN( 0)- 0.00000E+00

0)- 0.00000E+00 RELXCC( 0)- 0.00000E*00

99- -320,00000 T 100- 100.00000

DTIMEU-1.000000E-02 CSGMIN( 0)- 0.00000E+00

0)- 0,00000E+00 RELXCC( 0)- 0.00000E+O0

99- -320.00000 T 100- 100.00000

DTIMEU-1.000000E-02 CSGMIN( 0)- 0.00000E+00

0)- 0.00000E+00 RELXCC( 0)- 0,00000E+00

99- -320.00000 T I00- i00.00000

DTIMEU-L.000000E-02 CSGMIN( 0)- O.O0000E+O0

0)- 0.00000E+O0 RELXCC( 0)- 0.00000Z+00

99,- -320.00000 T L00- 100,00000

DTIM_U-L.00000OE-02 CSGMIN( 0)- 0.00000E+00

0)- 0.00000E+00 RE_(CC( 0)- 0.00000E÷00

99- -320.00000 T 100- 100.00000

GASXI PC-SIMDA, THREE COLU_ OUTPUT

i (C) COPYRIGHT 19|2,L9|3,1954. 1905.1986,1987 J.D.GASKI

TEST. PC-SINDA

TI_- 5.40003 DTIHEU-I.000000E-02 CSGHZN(

TgJ4PCC( 0)- 0.00000E+00 RELXCC(

T 1- 40.12708 T 99- -320.00000 T 100-

TI_- 5.50003 DTZMEU-I.000000E-02 CSGMIN(

TF.MPCC( 0)- 0.00000E÷00 RELXCC(

T I- 39.39938 T 99- -320.00000 T L00-

TIME- 5.60003 _rI_U-L.000000E-02 CSGMIN(

TEHPCC( 0)- 0.00000E+00 R_LXCC(

T I- 3B.70685 T 99.- -320.00000 T L00-

TI_Z- 5.70004 DT_MEU-I.000000E-02 CSGMIN (

TFJ4PCC( 0)- 0.00000E+00 RELXCC(

T I- 38.04767 T 99.- -320.00000 T 100-

,.***.****

TIME- 5.80004 DT IVJZU-1.000000Z-02 CSGMIN(

TEMPCC( 0)- 0.00000E÷00 RZLXCC(

T 1- 37.42017 T 99- -320.00000 T 100-

,.,,,,==,,

TI_- 5.90004 DTIHZU-1.000000E-02 CSGMIN(

TEMPCC( 01- 0.00000Z+00 RELXCCI

SINDA/1967/AMSI 1.31 NETWORK ANALYSIS A_SOCIATES. INC. - PAGE

0)- 0.00000E+O0

0)- O.O0000E+O0

100.00000

0)- O.O0000E÷O0

0)- 0.00000E+O0

I00.00000

0)- O.O0000E+O0

0)- 0.00000£+00

IO0.O0000

0)- O.O0000E+O0

0)- O,O0000E+O0

I00,00000

0)- O,O0000E+O0

O)- O,O0000E+O0

100.00000

0)- O.O0000E+O0

0)- O,O0000E+O0
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T 1- 36,8228S T 99- -320,00000 T 100- 100.00000

T2_-- 6. 00004 DTIMZU--1. 000000E-02 CSGMIN ( 0)- 0. 00000Z÷00

TEHPCC I 0)- 0. 00000E+O0 REI,XCC ( 0)- 0. 00000E÷00

T 1- 36.25409 T 99- -320.00000 T 100- 100.00000

TI_- 6. 10004 DTIKEU-1.000000te-02 CSG/_ZN( 0)- 0.00000E+00

TEHPCC { 0 )- 0. 00000Z+00 _LXCC ! 0 )- 0. 00000E+00

T 1- 3S.71219 T 99- -320.00000 T 100- 100.00000

** * *imt**,

TI_- 6. 20005 DT_[ZU--1. 000000Z-02 CSGNZN ( 0)- 0. 00000[+00

T_J4PCC( 0)- 0.00000E÷00 I_IJ¢CC{ 0)- 0.00000E+00

T 1- 3S.lS69G T 99- -320.00000 T 100- 100.00000

GASKI pC-SIb'DA. T14P,F_ COI, UHN OUTPUT

1(C) COpYRZGHT 19|2,1983.1904.1901.1986.19|? 3.D.GJ43K1 $IND,VL90?/J_IS! 1.31 NET_RI¢ N_ALYSIS _3SOCI^Tle-S. INC. - PAG_

TF,ST. PC-SI_

TI_- G.3000S DTIY_U--I.000000E-02 CSGHIN| 0)- 0.00000E+00

TEMPCC( 0)- 0.00000E+00 RELXCC( 0]- 0.00000E÷00

T L- 34.70602 T 99- -320.00000 T 100- 100.00000

***•• ,wet*

TI_- 6,40005 DTIHZU-1.000000_-02 CSGNIN( 0)- 0,00000E+00

TU4PCC( 0)- 0.00000E÷00 RELXCC( 0)- 0.00000E+00

T 1- 34.2384E T 99- -320.00000 T 100-- 100,00000

***Be****,

TIME- 6. 50005
TGqI_C C (

T 1- 33. ?9324 T

TTME- 6. 60006

T_'_CC (

T L- 33. 36920 T

T_HZ-- 6. 70006

TEHPCC (

T 1- 32. 9652? T

**********

TIME- 6. 80006
TF,.,HPC C (

T 1- 32.58060 T

TI_- 6. 9000IS

TF,HPCC (

T 1- 32,2141"/ T

TIVZ- ?. 00007

TEt4PCC (

T _- 31.86514 T

TIk_- "l, 10007
TEF_CC

T L- 31.53262 T

DTZ/_U-I.00OO00E-02 C.qGMIN( 0)- 0.00000E+00

0)- 0.00000E÷00 RELXCC( 0)- 0.00000Z+00

99- -320.00000 T 100- 100.00000

DTI.',gZU-I.000000B-02 CSGNZN( 0)- 0.00000E+00

0)- 0.000003+00 RZ.T.,XCCI 0)- 0.00000E+00

99- -320.00000 T 100- L00.00000

DTIV_-.U-I.000000_-02 CSGMZN( 01- 0.00000[+00

0]- 0.O0000E+00 RZL,XCCi 0)- 0.00000E+00

99- -320.00000 T 100- 100.00000

DTIHEU-1.000000E-02 CSGMIN ( 0)- 0.00000E+00

0)- 0.00000E÷00 REMCCC( 0)- 0.00000E÷00

99- -320.00000 T L00- 100.00000

DTIHEU-1.000000Z-02 CSGMIN( 0)- 0,O0000E+00

0)- 0.00000E+00 RZLXCC( 0)- 0.00000_+00

99- -320.00000 T 100- 100.00000

DTIMEU-1.000000E-02 CSGI.IZN( 0)o 0.00000[÷00

0)- O.00000Z÷00 RELXCC{ 0)- 0.00000[+00

99- -320,00000 T 100- i00.00000

DTTJ_U-1.000000E-02 CSGMIM( 0)- 0.00000E+00

01- 0.00000E÷00 RZLXCC( 0)- 0.00000Z+00

99- -320.00000 T 100- I00.00000

C,ASK1 BC-SZNDA, THRF_ COLUFOI OUTPUT

L(C) COPYRIGHT 1902, I983, I904,19|5, 1986, 1987 J.D.GA.SKI SIHDA/198?/.I,.NSI 1.31 NET_.X3RK AH,I_LYS[S .4.SSOCIATES, INC. - PAGE

TEST. PC-SINOA

T_- 7.2000_ DTI_U-1.000000E-02 CSGHIN( 0)- 0.00000E*00

T_iPCC( 0}° 0.00000E+O0 RELXCC( 0)- _.00000E÷00

T 1- 31.21591 T 99-- -320.00000 T 100- L00.00C00

TI_- 7.30007 DT_HEU-I.000000E-02 CSGHIN( _)- 0,_0000E_00

TE_PCCI 0)- 0.00000E÷00 _ELXCC( 3)- _,_0000E÷00

T l- 30.91412 T 99-- -320.00000 T 100- 100,C0000
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• ** m ,*****

TI_- 7.4000T DTIHEU-I.000000E-02 CSGNZX( 0)- 0.00000E+00

TI_,I_CC[ 0)- 0.00000E+00 RKLXCC( 0)- 0.00000E+00

T i- 30.62659 ? 9_' -320.00000 T 100- 100.00000

TI_- 7.50001 DTD_t/-1.000000E-02 CSGNIN( 0)- 0.00000E+00

TF._CC( 0)- 0.00000Z+00 P.ZLXCC( 0)- 0.00000E+00

T 1- 30.35269 T 99.- -320.00000 T 100- 100.00000

TZ_- 9.6000l OTIY_U-1.000000Z-02 CSGNIN( 0)- 0.00000E+00

T_CC( 0)- 0.00000Z+00 RZLXCC( 0)- 0.00000E+00

T 1- 30.09167 T 99" -320.00000 T 100- 100.00000

TIHE- 7.7000| DT_U.-1.000000Z-02 CSGNIN( 0)- 0.00000E+00

TU_LPCC( 01- 0.00000_+00 _LXCC( 0)- 0.00000E+00

T 1- 29.84296 T 99'- -320.00000 T 100- 100.00000

TIP_- 7.80008 DTZMEU--1.000000E-02 CSGMIN( 0)- 0.00000E÷O0

T_CC( 0)- O.O0000E+O0 EELXCC( 0)- 0.00000Z+00

T 1- 29.60602 T 99.- -320.00000 T 100- 100.00000

TIMB- ?.90009 DTIMJZU-I.000000E-02 CSGNIM( 0)- 0.00000Z+00

T_HPCC ( 0)- 0.00000E+00 RKLXCC( 0)- 0.00000E+00

T 1- 29.3|025 T 99- -320.00000 T 1C0- 100.00000

TlYdZ- 8.00009 DTDCEU-1.000000E-02 CSGHIH( 0)- 0.00000E÷00

TF24PCC( 0)- 0.00000E+00 RELXCC( 0)- 0.00000E÷00

T 1- 29.16513 T 99- -320.00000 T 100- 100.00000

GASKI PC-SINDA, THREE COLU_g4 OUTPUT

I(C) COPYRIGHT 1902,19|3,1914,19|5,1986,1987 J.D.GASKI

TEST. ?C-SINDA

TIME- 9.10009 DTIHBU-1.000000E-02 CSGHIN(

T_CC( 0)- 0.00000E+00 REIJ(CC(

T 1- 28.96014 T 99- -320.00000 T 100-

o,,,******

TI_[- $.20009 DTIHEU-1.000000E-02 CSGMIM (

T_4PCC( 0)- 0.00000_÷00 RELXCC(

T 1- 28.76480 T 99- -320.00000 T 100-

TI/_- 8.30009 DT_H_Uml.000000E-02 CSGHIN(

T_IPCC( 0)- 0.00000E+00 RELXCC(

T 1- Z|.57|64 T 99- -320.00000 T 100-

T_- 8.40010 UTIHEU-I.0000OOE-02 CSGMIN(

TKHPCC( 0)° 0.00000Z+00 RELXCC(

T 1- 28.40125 T 99-- -320.00000 T 100-

TI_- g. S0010 DTIMEU-1.000000E-02 CSGMINI

TF-._II_CC( 0)- 0.00000E+00 RELXCC(

T 1- 2|.23215 T 99- -320.00000 T 100-

TIME- $.60010 DTIHEU-1.000000E-02 CSGHIN(

TEH?CC( 0)- 0.00000E+O0 RELXCC(

T _- 28.07104 T 9_- -320.00000 T 100-

***,,**,**

TI_- 8.70010 DTIHEU_I.000000E-02 CSGMIN(

TEMPCC( 0)- 0.00000E+00 RELXCC(

T 1- 27.91748 T 99- -320.00000 T 100-

.,,,,m**.,

TI_- g.g0011 DTIYJ_U-1.000000E-02 CSGHIN(
TKHPCC( 0)- 0.00000E+00 RELXCC(

T I- 27.77115 T 99- -320.00000 T 100-

TI_- $. 90011 DTIHEU-1.000000E-02 CSGMIN(

TFJ4PCC( 0)m 0.00000E+00 RELXCCI

T 1- 27.63165 T 9_'-- -320.00000 T 100"

SINDA/1987/ANSI i .31 NETWORK _IALYSIS ASSOCIATES,

0)- 0.00000E+00
0)- 0.00000E+O0

100.00000

0)- 0.00000g+00

0)- 0.00000E÷00

I00.00000

0)- 0.00000E+00

0)- 0.O0000E+00

100.00000

0)- 0.00000E+00

0)- 0.00000E+00

100.00000

OI- O.O0000E+O0

0]- 0.00000E+00

i00.00000

0)- O.OOOOOE+O0

0)- 0.00000E+00

lO0.O0000

0)- O.O0000E+O0

0)- O.O0000E+O0

i00,00000

0)- O.O0000g+O0

0)- O.O0000E+O0

I00.00000

0)- O.COO00E+O0

0)- 3.00000E+00

IO0,OCO00

INC. - PAGE I0
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GASI_% PC-SIMDAo THREE COLUMN OUTPUT

1 (C) COPYRIGHT 1982o 1913,1984,1885. 1986.19e? J .D. GASKI

T_T. PC-S IMDA

TI_- 9.00011 DTIR_U- I. 000000E-02 CSG_IN (

TI_PCC( 0)- 0.00000E÷00 RELXCC(

T 1- 27.49|72 T 99.- -320.00000 T 100"

eleeemtte*

TI_" 8.10011 DTLqZU'I. 000000E-02 CS_qIN (

T_V_CC ( 0 )" 0 • 00000E÷00 RZLXCC (

T 1" 27.37207 T 89-- -320.00000 T 100-

TI_- 8. 20012 DTIY_U--1. 000000E-02 CSGNIN (

TEI,_CC ( 0)- 0. 00000E+00 RELXCC (

T 1- 27.25131 T 89.- -320.00000 T 100-

TI_- 8.30012 DT IMEV-I. 000000E-02 CSG_IIN (

T.EMPCC( 0)- 0.00000E+00 RBLXCC(

T l- 27.13620 T 8_k- -320. 00000 T 100-

TI_J_- 8. 40012 DTIMEU-1. 000000E-02 CSGMIN (

TEMPCC ( 0)- 0. 00000E÷00 RELXCC (

T Z- 27. 02648 T 89- -320. 00000 T IO0-

TIM_- 9. 50012 DTIMEU-I.000000E-02 CSGMIM(

TER_PCC( 0)- 0.00000E÷00 RELXCC(

T I- 2G. 92194 T 9_- -320.00000 T 100-

TIME- 9. 60012 DTIMEU--I. 000000E-02 CSGMIN (

TEI'_'CC( 0)- 0.00000E+00 RELXCC(

T 1- 26.12227 T 99- -320.00000 T 100-

• ******m

TI_- 8,70013 DTIMEU-1. 000000E-02 CSGMIN (

TE-m_CC I 0)- 0. 00000Be00 RELXCC (

T I- 26.72723 T 89,- -320.00000 T 100-

T2_- 8.80013 DT IMEU-I. 000000E-02 CSGMIN (

TERUPCCI 0)- 0.00000E÷00 RELXCC(

T I- 26.63669 T 89- -320.00000 T i00-

SINDA/19671AMSI 1.31 HETNORK ANALYSIS ASSOCIATESo INC. - PAGE

0)- 0.00000E÷00

0)- 0.00000E+00

100.00000

0)- 0.00000E÷00

0)- 0.00000E+00

100.00000

0)- 0.00000E_00

0)- 0.00000E÷00

100.00000

01- 0.00000E+00

0)- O.O0000E+O0

100.00000

0)- 0.00000E+00

0)- 0.00000E+00

100.00000

0)- 0.00000E+00

0)- 0.00000E+00

100.00000

0)- 0.00000E+00

0)- 0.00000_+00

100.00000

0)- 0.00000E÷00

0)- 0.00000E+00

I00.00000

0)- o.00000E+00

0)- 0.00000E+00

100.00000

11

GASKI FC-SINDA, THREE COLUMR oUTpUT

I(C) COPYRIGHT 1882,1883,1984,1985o19|6° 1817 J.D.GASKI

TEST. PC-SINDA

TI_- 8.80013 DTIMEU--I.000000E-02 CSGMIN(

T_CC( 0)- O.O0000E+O0 RELXCC|

T I- 26.5503| T 99- -320.00000 T 100-

TIPE- 10.00013 DTIMEU--I.000000E-02 CSGMIN(

TFJ_CC( 0)- O.O0000E+O0 RELXCC(

T 1- 26.46814 T 89" -320.00000 T 100-

51NDA/19871ANSI 1.31 NETWORK AMALYSI$ ASSOCIATES, INC. - PAGE

0)- 0.00000E+00

0)- 0.00000E+00

100.00000

0)° O.O0000E+O0

0)- O.O0000E+O0

100.00000

_2
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E. The Non-linearized Difference Formulation:

We begin, once again, with the general form of the differential equation, (4)
In this case, however, we will maintain the radiation term in its original form.
Instead of expanding the radiation term, as was done in equation (5), the convection
and radiation terms are expanded to obtain equation (13).

pVC_.pdS_-t = hATf -hAT + o'eA_ -oEAFT 4

Equation (13) may be re-written in the alternate form of (14)

.... lo"_AF or_,S.F

(13)

(14)

Multiplying both sides of (14) by the reciprocal of the thermal capacitance and re-
ordering terms yields

or

dt _" T" _,F Tf+ T4"

&

(15)

(16)

Def'ming the constant, C1, by

C1 = hA
_e.AF (17)

and C2 by

C2 = _Tf- T4_

and k by

pvq,

we may write (19) in the form of equation (20).

dT= kiT 4 + CIT + C2]
dt

The differencing form of (20) becomes

(18)

(19)

(20)

AT = k[(T + AT) 4 + CI(T +AT) + C2]
At
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or

or

or

q

AT = kiT 4 + 4T3_T + 6T2AT 2 + 4TAT 3 + AT 4 + C1T + CIAT + C2J
At

I_T = [AT 4 + 4TAT 3 + 6T2AT 2 + (4T3+ C1)AT + (CtT + C2 + T4)]
k At

0 = AT 4 + 4TAT 3 +6T2AT 2

+ (4T 3 + C1 - 1/kAt)AT + (CtT + C2 + T t) (21)

Suppose that w," now define p,q,r, and s using equations (22),(23),(24), and

(25), respectively.

p= 4T (22)

q= 6T 2 (23)

r=- 4T 3 + Cl - 1/kAt (24)

s= CtT + C2 + "1_ (25)

Substitution of the aforementioned equations into (21) gives

0 = AT 4 + pAT 3 + qAT 2 + rAT + s (26)

which is easily recognized as a bi-quadratic equation, in T. While we do not have
delta-T as an explicit function of delta-t, as in the linearized case, we have produced
an equation that defines four values of delta-T for each value of delta-t. Presumably,
we will find that only one of the four values is physically possible.

One approach to solving (26) is to ap.ply a Newton-Raphson technique. This
approach requires iteration to determine when the "new" and "old" values of delta-T
are sufficiently close to one another. Values of delta-T are updated using

ATnew = &Told -
fiAT)

f'(AT) (27)

The function, f, is defined by (26), from which f' is given by

f(AT) = 4AT 3 + 3pAT 2 + 2qAT + r (28)
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Vo

While the technique may be cumbersome to apply, it is straight-forward and generally
converges quickly.

F. Solution to the Non.linearized Problem:

As was done for the linearized problem, a SINDA input file was generated for the
non-linearized problem. Once again, a user defined differencing equation has
been coded in the execution block. In this case, however, the differencing equation
is non-linear and is somewhat more complex than it was in the previous case.

Results obtained appear on the following pages and have been plotted in Figure 4.
All solutions to the problem have been plotted in Hgure 5, from which it is clear that

agreement is acceptable.

Presentation of Results:

A. SINDA Results:

Presented in part IV

B. Exact Solution:

None Available for this problem
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SINDA INPUT LISTING FOR THE NON-LINEARIZED CASE

c

c

BCD 3THERMAL LPCS

BCD 9TEST, PC-SINDA

END

BCD 3NODE DATA

I, 300.0, 3.4

-99, -320.0, 1.0

-i00, i00.0, 1.0

END

BCD 3CONDUCTOR DATA

I, i, i00, 1.0

-2, I, 99, 1.3712E-9

END

BCD 3CONSTANTS DATA

DTIMEI,0.01

DTIMEH, 0.01

NLOOP,100

TIMEND, 10.O

OUTPUT, 0.1

ARLXCA,.01

DRLXCA,.01

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

NDIM, 1000

END

BCD 3ARRAY DATA

END

C

BCD 3EXECUTION

C

F OPEN (3, F I LE-" EMLFLT. P LT", STATUS _" UNKNOWN" )

F WRITE (3, 2) NNT, (NX (LNODE+I), Isl, NNT)

F 2 FORMAT (16/, 250 (I6, 31X, I6/) )

C

CF CALL SNFRDL

C

CF GO TO 5O0

C

C BEGIN BIQUADRATIC SOLUTION

C

F SIGMA=0.1714E -8

F AREA=I.0

F EM=0.8

F VF=I.0

F XH=I.0

F RHO=I70.0

F VOL=O.I

F CP=0.2
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T(1) -760.0

T99-140.0

TI00-560.0

TIMEO-0.0

DTIMEU_0.01

TIME-O. 0

TSI=TI

TS2=T99

TS31TI00

TIITI-460.

T99-T99-460.

TI00=TI00-460.

TIMEN_TIME

CALL OUTCAL

TI=TSI

T99=TS2

TI00=TS3

1 TIME=TIME+DTIMEU

CKI=XH*AREA/(SIGMA*VF*EM*AREA)

CK2--I.0*XH*AREA'TI00/(SIGMA*EM*VF*AREA)

CK2_CK2-T99**4

ZK_-I.0*SIGMA*EM*VF*AREA/(RHO*VOL*CP)

XP_4.0"TI

XQ=6.0*TI**2

XR=4.0*TI**3+CKI-I°0/(ZK*DTIMEU)

XS=TI''4+CKI*TI+CK2

DELT=0.0

55 DERIV=4.0*DELT_*3+3*XP*DELT**2+2._XQ*DELT÷XR

VALUE=DELT**4+XP*DELT**3+XQ"DELT**2+XR*DELT+XS

DTLAST-DELT

DELT=DELT-VALUE/DERIV

ERROR=DELT-DTLAST

IF(ERROR.LT.I.E-6)GO TO 60

GO TO 55

60 T(1)-T(1)+DELT

TSI-TI

TS2=T99

TS3=TI00

TI=TI-460.

T99=T99-460.

TI00=TI00-460.

TIMEN=TIME

IF(AMOD(TIMEN, 0.1).LT.0.01)CALL OUTCAL

TI=TSI

T99-TS2

TI00=TS3

IF(TIME.GT.IO.0)GO TO 500

GO TO 1

500 CONTINUE

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2
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END

BCD 3OUTPUT CALLS

C

F DATA HT/4HT /

C

F WRITE(3,1)TIMEN, (T(I),I-I,NNT)

F I FORMAT(EI0.3/,250(7Fg.3/))

C

CF CALL TPRINT

CF CALL TDUMP

C

C THREE COLUMN OUTPUT ROUTINE, STNDRD

C

CF

F

F

F

F

F

F

F

F

F

F

F

F

IF(LNODE.EQ.O)CALL NNREAD(1)

IF(NPAGE.EQ.0 .OR. NLINE.GE.56)CALL TPLIN

J-LNODE+NCSGMN

II-NX(J)

IF(J.LE.LNODE) II-0

J_LNODE+NDTMPC

I2-NX(J)

IF(J.LE.LNODE)I2-0

J-LNODE+NARLXC

I3-NX(J)

IF(J.LE.LNODE)I3=0

WRITE(6,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC, I3,ARLXCC

FORMAT(/,IIH ***-*-**-*/6H TIME=FI2.5,SX, SH DTIMEU =IPEI2-5,

8H CSGMIN(I6,2H)_IPEI2.5,/,18X, 8H TEMPCC(I6,2H)=IPEI2"5,

8H RELXCC(I6,2H)=IPEI2.5)

NLINE-NLINE+4

F S

F $

F

C

C THREE COLUMN OUTPUT ROUTINE, TPRNTX

C

F WRITE (6, i00)

F i00 FORMAT(IH )

F NLINE=NLINE+ 1

F J-I

F L-3

F 5 IF(L.LT.NNT)GO TO I0

F L=NNT

F i0 WRITE(6,101) (HT,NX(I+LNODE),T(I),I = J,L)

F I01 FORMAT (3 (IX, AI, I6, IH-, FI2.5, iX) )

F IF(NLINE.LE.56)GO TO 15

F CALL TPLIN

F WRITE (6, I00)

F 15 NLINE=NLINE+I

F IF(L.EQ.NNT) RETURN

F J=L+l

F L=L+3

F GO TO 5

F END

C
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C THREE COLUMN OUTPUT'PAGE ROUTINE
C

F SUBROUTINE TPLIN

F WRITE(6,100)

F i00 FORMAT(//////,IX,,GASKI PC-SINDA, THREE COLUMN OUTPUT,,/)
F CALL TOPLIN

C RETURN

END

BCD 3END OF DATA
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SINDA OUTPUT LISTING, NON-LINEARIZED CASE

(C) COPYRIGHT 19_ _I_,1954,19|5,19|6,1907 J.D._KI SINDA/1907/AHJI 1.31 KETIIORE ANALYSIS ASSOCIATES, INC. - PAGZ

TEST, PC-fl INDA

'** NOTE *** SNFRDL REOUXR.F_ 4 D_C STOKAGZ I_:_ATION$ OUT OF 993 AVAILABL/_ *co

TIM_qD- 10.000 , CSGIeAC- 1.0000 , DTD_I-0.10000E-01, NLOal- 100

TIHEO - 0.00000 , OUTPUT- 0.I0000 , DTIJ4_tl- 0.10000E-01. DTIHEIp 0.00000

ANLXCA- 0.100002-01, ATt4PCA- 0.10000E+09, DRLXCA," 0.10000E-01o DTMPC-.Am 0,I0000E+09

**_ t tit**

TI_- 0.00000 DTII_U-0.000000E+00 CSGHIN ( 0)- 0.00000g+00
TE.v_CC( 0)- 0.000002+00 R_..LXCC( 0)- 0.00000K+00

T 1- 300.00000 T 99- -320.00000 T 100- 100.00000

.**tit *._

TI_- 0.10000 OTDqZU--S.0000031-03 CSGIqZH 1 1]- 2.01114E+00
TEI_PCC[ 1)_|.|0002Z-01 RELXCC( 0)- 0.000002+00

T 1- 2|1.S1750 T 99- -320.00000 T 100- 100.00000

t.ltl****m

Tit'S- 0.20000 DTIMZU--S.000003E-03 CSCJ4IN( 1)- 2.06312E+00
T1D_CC( 1)--$.013|5E-01 RELXCC( 0)- 0.000002+00

T I- 264.72600 T 99- -320.00000 T 100- 100.00000

TI_- 0.30000 DTIHZU-S.000003Z-03 CSGHIN ( 11- 2.110liE+00

TEttPCC( 1)--?.32|22K-01 RELXCC( 0)- 0.00000Z÷O0

T 1- 249.40230 T 99- -320.00000 T 100- I00.00000

,tim,*,l,e

TIME- 0.40000 DTIHEU-$.000003E-03 CSGNIN( 1)- 2.1S483K+00

TE]4_CC| 1)--6.72561E-01 RZLXCC{ 0)- 0.00000£+00

T 1- 233.3&400 T 99- -320.00000 T 100- 100.00000

o,,,tottta

TI_q[- 0.50000 DTI_U-S.000003E-03 CSGMIN( 1)- 2.19336E+00

TEHPCCI 1)--&.19233E-01 RELXCC( 0)- O.O0000K+O0

T 1- 222.43910 T 99.- -320.00000 T 100- 100.00000

jl.l,i..l*

TIME- 0._0000
UTZIqEU-S.000003K-03 CSGHZN{ 1)- 2.2327|E÷00T C( 1)--5._1931K-01 RE/.,XCC{ 0)- 0.00000E+00

T 1- 210.56050 T 99- -320.00000 T 100- 100.00000

T_M_- 0._0000 OTDqEU-5.000003[-03 CSC_IN( 1)- 2.26739K+00
TEF_CC[ 1)--S,29244_-01 RKLXCC( 0)- 0.00000E+00

T L- 199.5_030 T ._,. -320.00000 T 100- 100.00000

GASKZ PC-SINDA, TH!_.,F., COLUMn4 OUTPUT

1(C) COPYRIGHT 19|2.1983o19|4,1903,19|6o19|7 J.D.GASKI SINDA/1957/A_45I 1.31 NET_4ORK ANALYSIS ASSOCIATES. INC. - PAGE

TEST. PC-SINDA

TI_- 0.80000 DTD_U-S.000003Z-03 CSGI4IN( _)- 2.29945K+00

TEHPCC( 1)--4.91003E-01 RELXCC( 0)- 0.00000E+00

T 1- L89.36630 T 99- -320.00000 T 100- 100.00000

**_lletti*

TI_'_- 0.90000 DTIMEU-S.000003Z-03 CSGHIN( _)- 2.329l$E÷00
TFJ4PCC( 1)_4.56433Z-01 RZI.XCC{ 0)- 0.00000E+00

T L- 179.89890 T 99- -320.00000 T 100- 100.00000

TI_- 1.00000 DTIMEU-S.000003_-03 CSGHIH ( _)- 2.35679E_00

TEE2CC( 1)--4.251151-01 RKLXCC( 0)- 0.00000E+00

T 1- 1_1.0|9e0 T 99- -320.00000 T 100-- 100.00000

TI,'_- 1.10000 DTIHEU-5.000003Z-03 CSGH_N( L)- 2.3024_E÷00
TEla.PCC( L)--3.96354K-01 RKI_CC( 0)- 0.00000E÷00

T 1- 162.87860 T 99- -320.00000 T 100- 100.00000

**l***ml*l

T_- 1.20000 DTIMEU-$.000003E-03 CSGMINI _)- 2.4063eE÷00

TEHPCC( I)--3.703251-01 RKLXCC[ 0}- 0.00000E+00

T 1- _55.21250 T 99- -320.00000 T 100- 100._000_

TI_- 1.30000 DTIMEU-S.000003E-03 C5GMIN( _)- 2.42866E_00

TEE_PCC( 1)--3.46655E-01 RE_CC( _)- 0_0000E+00

T l- 148.04530 T 99-- -320.00000 T I00- _00_00::_
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TIME- L. 40000 DTIF_EU-S. 000003E-03 CSGMIN ( 1)- 2.44 g4$E+00

T_CC [ 1 )--]. 247301-01 RELXCC ( 0 )- 0. 00000E÷00

T 1- 141.53560 T 99-- -320.00000 T 100,, 100.00000

****wet,,1

TIME- 1.50000 DTIMEI;,-S.000003E-03 CSGHIN( 1)- 2.468|6E+00

T_MPCC( 1)--3.04542E-01 RELXCC( 0)- 0.00000Z+00

T i- 155.04660 T 99- -320.00000 T 100- 100.00000

TIME- 1. 60000 DTI_U-3. 000003E-03 CSGMIN( 1)- 2. 41701[+00

TEMPCC ( 1 ) --2. ISHgR-01 RELXCC ( 0) - 0. 00000E+00

T 1- 129.14550 T 99- -]20.00000 T 100- 100.00000

GASKI PC-SIMDA, THREE COLUMR OUTPUT

1(C) COPYRIGHT 1902,1913,1914,1905,1986,1917 J.D.GASKI $1NDAJIg|?/ANSI 1.31 NETNORK AMALY81S A]SOCIATE$, IMC. - PAGE

TEST. PC-SI_

TIME- 1.70000

T_4PCC

T i- 123.60270 T

TIME- I.|_000

TEMPCC(

T I- 118.3%170 T

TIME- 1.90000

TE,MPCC(

T i- 113.48820 T

TIME- 2.00000

T_CC(

T 1- 101.87050 T

TIME- 2.10000

TF.,F_CC(

T 1- 104.51870 T

**********

TIHE- 2.20000

TEMPCC(

T I- 100.41490 T

TIME- 2.30000

TF.24PCC[

T 1- 96.54230 T

TIME- 2.40000

TE,HJPCCI

T I- 92.88574 T

TIH_- 2.50000

TE._PCC!

T 1- $9.43127 T

DTIMEU-$.000003E-03 CSG_IN( 1)- 2.50400Z÷00

1)--2.68678E-01 RELXCC( 0)- 0.00000E+00

99-- -320.00000 T 100- 100.00000

DTIMEU--5.000003E-03 CSGMIN( I)- 2.51991E÷00

I)--2.52711Z-01 RELXCCI 0)- 0.00000E+00

99- -320.00000 T 100-- 100.00000

DTIMEU-S.000003E-03 CSGMIM ( 11- 2.53482E+00

1)--2.37890E-01 RELXCC( 01- 0.00000E÷00

99- -320.00000 T 100- 100.00000

DTII_U-S.000003E-03 CSGMIM( 1)- 2.548|1E+00

1)--2.24110E-01 RELXCC( 0)- 0.00000E+00

99- -320.00000 T I00- 100.00000

DTIHEU-S.000003E-03 CSGMIN( 1)- 2.56194E÷00

1)--2.112?7E-01 RELXCC( 0)- 0.00000E+00

99- -320.00000 T I00- 100.00000

DTIMEU-S.000003E-03 CSGMIM( I)- 2.57427E+00

1)--1.99310E-01 RELXCCI 0)- 0.00000E÷00

99-- -320.00000 T 100- i00,00000

DTIMEU--S.00000]E-03 CSGHIN( l)- 2.58587E+00

1)--1.89136E-01RELXCC( 0)- 0.00000E+00

99- -320.00000 T 100- 100.00000

DTIHEU-S.000003E-03 CSGMIM( i)- 2.59678E+00

I)--I.77690E-01 RELXCC( 0)- 0.00000E÷00

99- -320.00000 T 100- I00.00000

DTIMEU-5.000003Z-03 CSGMIN( 1)- 2.60705E+00

1)--1.67912E-01 RELXCC( 01- 0.00000E+00

99- -]20.00000 T 100- 100.00000

_SKI PC-SINDA, THREE COLUP_ OUTPUT

i IC) COPYRIGHT 1982. 1983, 1984, 1985. 1986. 1987 J.D.GASKI 5IHDA/1987/N_$I I. 31 NETWORK _LYSIS ASSOCIATES, INC. - PAGE

TEST. PC-SIHDA

,o,*,****e

TI_[- 2.60000 DTIMEU'5.000003E-03 CSGMIN( 1)" 2.61673E+00

TEF.PCC( 1)--1.58752E-01RELXCC( 0)- 0.00000E+00

T 1- 86.16602 T 99- -320.00000 T 100- 100.00000

TIME- 2.70000 DTIMEU-5.000003E-03 CSC.MIH( 1)" 2.62584E*00

TEHPCC( 1)--1.50160Z-01 RELXCC( 01" 0.00000E_00

T 1" 83.07825 T 99- -320.00000 T 100- 100.00000

T_ME- 2.80000 OTIHEU-5.000003E-03 C$GMIHI 11" 2.63444_+00

TEMPCC( 1)'-_.42095E-01RELXCCI 01- 0.00000E+00
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T 1- 80.13692 T 99-, -320.00000 T 100 _ 100.00000

TI_- 2.90000 DTIMEU--5.000003E-03 CSG_IIN( 1)- 2.$4235E+00
T_CC( 1)--1.34518E-01P,_LXCC( 0)- 0.000001+00

T 1- 77.39131 T 99.- -320.00000 T 100- 100.00000

TZ_- 3.00000 DTY.MEU-S.000003E-03 CSGHIN( I]- 2.65020E÷00

TEMPCC[ 1)--1.27332E-01 P,_LXCC( 0)- 0.00000E+00

T 1- 74.77306 T 99" -320.00000 T 100- 100.00000

TIME- 3.10000 DT_IZU-5.000003E-03 CSGMZN[ 1)- 2.63743E+00

T_41_C( 1)--1.20680_-01 R_,XCC( 0)- 0.00000B+O0

T 1- 72.23407 T 99.- -320.00000 T 100- 100.00000

TI_- 3.20000 DTI_U-5.000003E-03 CSGNIN( 1)- 2.66426B+00

TEMPCC { 1) --1.14374E-01 RELXCC ( 0 ] - 0. 00000E+00

T 1- 69.94440 T 99'- -320.00000 T 100- 100.00000

TI_- 3.30000 DTI_t_.S.000003E-03 CSG)IZN[ I)- 2.67071E+00

TFJ_CC( 1)--1.01425E-01 REX_CC( 0)- 0.00000E÷00

T 1- G?.71729 T 99.- -320.00000 T 100- 100.00000

TIM_- 3.40000 DTIP_U-S.000003E-03 CSGMIN( 1]° 2.676|1E+00

TKHPCC( 1)--1.02815E-01 RE£,XCC( 0]- 0.00000[+00

T 1° 65.60371 T 99'.= -320.00000 T 100-- 100.00000

CASK! pC-SIRDA. THREE COLU_ OUTPIrT

1 (C) COPYRIGHT 1912,1983,1984, 1985, 1916. _917 J.D.GA.SKI SINDA/1917/AN5I 1.31 NETWORK A_ALYSZE A.SSOCIAT_S. INC. - PAGE

TEST. pC-SZNDA

eseteJteet

TIMZ- 3.50000 DTIMEU-$.000003E-03 CSGNIN ( 1)- 2.60258Z+00

TEMPCC( 1)--9.75227Z-02 RZLXCC( 0)- 0.00000E+00

T 1- 63.60315 T 99- -320.00000 T 100- 100.00000

TLuE- 3.60000 DTZV_.U--5,000003E-03 CSG'MINI 1]- Z.68|05E+00
TEM.E'CC( 1)--9.25270E-02 RELXCC( 0]- 000000E+00

T L- 61.70343 T 99-- -320.00000 T i00- i00.00000

TZ_- 3.70000 DTIMEU-5.000003E-03 CSGMIN ( i)- 2.69321E+00

TEHPCC( I)--8.780|9_-02 RELXCC( 0)- 0.00000E+00

T 1- 59.90082 T 99- -320.00000 T 100- 100.00000

T_fl[- J.80000 DTZMEU-S.000003E-03 CSGMIN{ i)- 2,69811E+00

TEMPCC( I)--$.33503E-02 RELXCC{ 0)- 0.00000E÷00

T I- $$.1|982 T _9- -320.00000 T I00- 100.00000

TIH_- 3._0000 DTIHEU-5.000003E-03 CSGMIN( i)- 2,70274E÷00

TEMPCC{ I)---7.9_356E-02 RELXCC( 0)- O.O0000E+O0

T I- 56.56555 T 99- -320.00000 T I00- 100.00000

TII_" 4.00000 DT_MEU-S.000OO3Z-03 C$G_IIN ( i|- 2.70713[+00

TEMPCC( I]--7.51496E-02 RELXCC[ 0)- 0.00000E÷00

T i- 55.0233e T 99- -320.00000 T I00- I00.00000

TI_- 4 .I0000 DTIHEU-5,000003£-03 CSGMIN ( I)- 2.71129E+00

TEMPCC[ I)--_.13782E-02 RELXCC{ 0)- 0.O0000E÷00

T I- 53.55|72 T 99- -320.00000 T i00- 100.00000

TI_" 4.20001 DTIMEU-5.000003E-03 CSGM[N( i)" 2.71524E+00

TZMPCC( I]--6.78086E-02 RELXCC( 0)- 0.00000E+00

T i- 52.16736 T 99- -320.00000 T I00- lO0.O0000

TIM_" 4.30001 DTIHEU-5.000003E-03 CSGM]H( I)- 2._898E+00

TE,MPCC( I)--6.44284E-02 RELXCC( 0]- O.O0000E+O0

T I- 50.84543 T 99-- -320,00000 T I00- 100.00000
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¢,;_l_I PC-SIMDAo _ COLUIg OUTPUT

1 (C) COPYRIGHT 1912,1983.1514. IHS, 1916,1957 J.D ._KI

T E.ST. PC-5 IM_A

TIME- 4.40001 DTIF_ZU- S. 000003E- 03 CSGMIN (

TE_PCC ( 1 ) --6.122EOK-02 P,E_XCC (

T 1- 49. 58929 T 9_.- -320. 00000 T 100-

TIME- 4. S0001 DTI_U-S.O00003E-03 CSG_IN(

T124PCC [ 1 )--5.11934E-02 RCI.XCC (

T 1- 45.39551 T 99_ -320.00000 T 100-

TIME- 4.60002 DT_U-'5. 000003E-03 CSGHIN (

TU_CC ( 1 )--5 . 53103E-02 RELXCC (

T 1" 47.26077 T 99- -320.00000 T 100-

TIME- 4.70002 DTIHEU-5 . 000003Z-03 CSGHIN (

TFJ4PCC | I)--$. 2592EZ-02 RZI.,XCC (

T 1- 46.111204 T 99-, -320. 00000 T 100--

TIMB- 4 . 10002 DTIHZU-5. 000003Z-03 C_;GMIN (

TE,MPCC ( 1)--5. 00078E-02 R£LXCC (

T 1- 45,15637 T 99- -320.00000 T 100-

TIM_- 4 . 90002 nTIMZU--5. 000003Z-03 CSGMIN (

TEMPCC ( 1)--4 . 75559E-02 REI,XCC (

T 1- 44.111109 T 99- -320. 00000 T 100-

TIME- 5.00002 DTIMEU-5 . 000003R-03 CSGMIN (

TEMPCC ( 1 )--4,52295Z-02 RELXCC (

T 1- 43.25351 T 99- -320.00000 T 100-

********ee

TIME- 5.10003 DTIMEU-$. 000003Z-03 CSGMIH (

T_fJPCC ( 1 ) --4 . 3021 |E-02 RELXCC (

T 1- 42.37121 T 99- -320.00000 T 100-

TIME- 5 . 20003 DTIHZU-5. 000003E-03 CEGMIN (

T._v, PCC ! 1 )--4 . 09263E-02 RZLXCC (

T I- 41. 53214 T 99- -320. 00000 T 100-

5INDA/1987/^RSI 1.31 NETNDRR ANALYSIS A,SSOCZATES, INC. - PAGZ

1)- 2.72253E+00

0)- 0.00000g+00

100.00000

1)- 2.72569E+00

0)- 0.00000E+00

100.00000

1)- 2.72909E+00
0)- 0.00000Z+00

100.00000

1)- 2.73212E+00

0)- 0.00000Z+00

100.00000

1)- 2.73499E+00

0)- 0.00000E*00

100.00000

1)- 2.73773Z+00

0)- 0.00000_+00

100.00000

1)- 2.74032E+00

0)- 0.00000E+00

100.00000

1)- 2.74278E*00
0)- 0.00000_+00

100.00000

1)- 2.74512E+00

0|- 0.00000E+00

100.00000

GASKI PC-SINDA, THREE COLU_ OUTPUT

I(C) COPYRIGHT 1912,1983,1984,1985,1986,1987 J.O.G_KI

TEST. PC-$ INDA

TIME- 5 • 30003 DTIME_'5. 000003Z-03 CSGMIN (

TEMPCC ( I)'-3,89366E-02 RELXCC (

T I" 40.73373 T 99- -320.00000 T 100"

TIME- 5. 40003 nT_U-5. 000003Z-03 CSGMIN (

TEMPCC ( 1)--3. 70473E-02 RZLXCC (

T i- 39.97415 T 99- -320.00000 T 100-

TIME- 5 . 50004 DTIMEU-5. 000003E-03 CSGMIN (

TEMPCC ( i ) --3 . 52528E-02 RELXCC (

T i- 39.23140 T 99= -320.00000 T 100-

Tiffin- 5. 60004 DTIMEU-5. 000003E-03 C_:GMIN (

TEMPCC ! 1 ) --3. 3548 IE-02 RELXCC (

T I- 35. 56363 T 99- -320. 00000 T 100-

TIME- 5. 70004 DTIMEU-5. 000003E-03 CSGMIN (

TEMPCC ( i ) --3. 19204E-02 RELXCC (

T I- 37.90909 T 99- -320.00000 T 100-

TII'_- 5 . 80004 DTIHEU-5.000003E-03 CSGMIN

TEJ_CC ( 1 ) --3.03894E- 02 RELXCC

T I- 37.25616 T 99- -320.00000 T i00-

SINDA/19|7/ANSI 1.31 NET_RR _qALYSIS A._SOCIATES, INC. - PAGE

1)- 2.74735E+00

0)- 0.00000£+00

100.00000

I)- 2.74946E+00

0)- O.00000E+O0

100.00000

1)- 2.75147E+00

0)- 0.00000E_00

100.00000

i)- 2.75338E+00

0)- O.O0000E*O0

i00.00000

i}- 2.75519E+00

0l- 0.00000E+00

100.00000

ii- 2.75692E+00

01- 0.00000E_00

100.00000
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TIME- 5.90004 DTIMZU-S.000003R-03 CSGMIN( 1)- 2.75856E÷00

T_CC( 1)--2.89266E-02 RELXCC( 0)* 0,00000E÷00

• 100.00000T 1- 36.69321 T 99'- -320,00000 T I00-

TI_- 6.00005 DTIMEU-S.000003E-03 CSGRIN( 1)- 2.76012E÷00

T_CC( 1)--2.753i0E-02 RELXCC( 0)- 0.00000E+00

T 1- 36.12175 T 99" -320.00000 T 100- 100.00000

TI_- 6.10005 DTDtEU-5.0000Q3E-03 CSGMIN( 1)- 2.76160E+00
TEMPCC( 1)_2.62142E-02 RELXCC( 0)- 0.00000E÷00

T 1- 35.59143 T 99.- -320.00000 T 10a-- 100.00000

GASEI PC-$INDA, THREE COLUMN oUTpUT

l(C} COPYRIGHT 19|2o19|3.1994. 19|5,1916,1987 J.D.GASRI SINDA/19|I/A_ISI 1.31 _TIIOP.J[ /_IALYSIS ASSOCIATES. INC. - PA r_

TEST. pC-SINDA

TIH_- 6.2000S DTIMEU-S.000003E-03 CSGMIN( 1)- 2.76301E+00
TEMPCC( 1)--2.49572E-02 RELXCC{ 0)- 0.00000E÷00

T 1- 35.079S6 T 99- -320.00000 T 100- 100.00000

Tilde- 6.30005 DTIMEU-5.000003E-03 CSGMIN( 1)- Z.76436E+00
TF.R_CC( I)--2.37G19E-02 P.ELXCC( 0)- 0.00000E÷00

T I- 34.5927_ T 99- -320.00000 T 100- 100.00000

TI_- 6.40006 DTIMEU-$.000003E-03 CSG_IN( 1)- 2.TG563E+00
TEMPCC( 1]--2.26252E-02 RELXCC( 0)- 0.00000E+O0

T 1- 34.12909 T 99- -320.00000 T 100- 100.00000

TIN_- £.5000E DTIMEU-S.000003Z-03 CS_-qlN( 1)- Z._661SE+00
T_CC( 1)--2.15442E-02 RELXCC( 0}- 0.00000E÷00

T 1- 33.68?56 T 99- -320.00000 T 100-- 100.00000

TII_- 6,50006 DTII_U-S.000003E-03 CSG_IN ( 1)" 2.?6801E÷00
TEMPCC( 11--2.051SlE-02 RELXCC( 0)- 0,00000E÷00

T 1- 33.26712 T 99,- -320.00000 T L00- 100.00000

TIME- 6.7000& DTZ)_U-S.000003E-0S CSC,MIN( _)- 2.76911E+00
TZMPCC( 1)--1.95374E-02 RELXCC( 0)- O.O0000E+O0

T 1- 32.86673 T 99-- -320.00000 T 100- 100.00000

TIM_- 6.S0007 DTIMEU-S.O00003E-03 CSGMIN( 1)- 2.77015Z+00

T_CC( 1)--1.06066E-02 RELXCC( 0]- 0,00000Z+00

T 1- 32.4S544 T 99-, -320.00000 T i00- 100.00000

TI_- 6.90007 DTIMEU-5.000003E-O3 CSGMIN ( 1)- 2.77115E+00

TF.,HgCCi I)--I.77201_-02 RELXCC( 0)- 0.00000E+00

T I- 32.12225 T 99- -320.00000 T 100- 100.00000

TI_- 7.00007 DTIMEU-S.000003E-03 CSGMIN{ 1)- 2.77210_+00

TEMPCC( I)--1.6177_-02 RELXCC( 0)- 0.00000E÷00

T i" 31.77637 T 99"* -320.00000 T 100" 100.00000

GA_K1 PC-SINDA, THREE COLU_ OUTPUT

I(C) COPYRIGHT 1982,1983,1984,19|5,19S6,1987 J.D.GA3KI

TEST. PC-SINDA

TI_- 7.10007 DTIMEU-5.000003E-03 CSGMIN(
TEMPCC( I)--1.6075$E-02 RELXCC(

T i- 31.44696 T 9_" -320.00000 T 100-

TI_" 7.20007 DTTMEU-S.000003E-03 CSGMIN (

TEMPCC{ I)--I.53122E-02 RELXCC(

T 1- 31.13312 T 99- -320.00000 T 100-

TIME" ?.30008 DTIMEU-5.000003E-03 CSGMIN(

SINDA/1987/_SI 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAGI_

i)- 2.77300E+00
0)- O.O0000E_O0

IO0.OODO0

i)- 2.77386E÷00

_)- 0,_0000E÷_0

_00.00000

1)- 2.77468£+00
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k

TEJ/#CC ( 1)--1.45|55Z-02 RELXCC (

T 1- 30. $3423 T 99- -320.00000 T 100-

.t** t.****

TI_- ?. 40001 DCI_CU-5. 000003E-03 CSG_IN (

T_CPCC ( 1)--1.3|938E-02 RELXCC (

T 1- 30.54953 T 99- -320.00000 T 100-

TII_- T. S000| D¢ _'IZU--3.000003it -03 CS_¢IN (

TCP._CC ( 1 )--1. 32353Z-02 RZLXCC {

T 1- 30.27829 T 99,- -320.00000 T 100-

** ** ******

TZHE- 9. S000| O¢IffJ_U-S. 000003E-03 CSGHZN ¢

TD_PCC ( 1)--1.2E0|SE-02 RZLXCC {

T I- 30. 01996 T 99- -320. 00000 T 100-

*******...

TI_- ? . 70009 OTINEU-5. 000003E-03 CSG_IN (

TEJ_CC ( 1 ) -- 1 • 20117E- 02 REI.XCC (

T 1- 29.77303 T 99,- -320.00000 T 100-

****** * tw.

TIPt_- "7.110009 DT _U-5. 0000031l:-03 CSGNZN (

TTJ_CC ( I)--I . 144"151'-02 P.Z LXCC {

T 1- 29.53940 T 99" -320.00000 T 100-

t*********

TI_- ? , 90009 DCIMEU-5. 000003E-03 CSGMIN 4

TEM_":C ( 1 ) --1 • 09024E-02 RELXCC (

T 1- 29.31601 T 99- -320.00000 T 100-

0)- 0.00000E÷00

100.00000

1)- 2.775462+00

0)- 0.00000Z+00

100.00000

1)- 2.77620E+00

0)- 0.000002+00

100.00000

1}- 2.77691E÷00

0)- 0.00000E÷00

100.00000

1)- 2.7775|E+00

0)- O,000OOE+00

100.00000

1)- 2.77|22E÷00

0)- 0.00000Z+00

100.00000

1)- 2.77|13E+00

0)- 0.00000E+00

100.00000

CA.SKI PC-SI_CDA. THREE COLU_OUTPUT

1(C) COPYRIGHT 1982,1913,1984. 19|5.19e6,1957 J.D.GASKI

TEST. PC-SI_DA •

TIM_- 8.00009 DTIHEU--S.0000031-03 CSGHIN (

T_CC( I}--1.03|73E-02 RBLXCC(

T 1- 29.10321 T 99-. -320.00000 T 100-

TIH_- 0.10009 DTIMEU-5.000003E-03 CSGMIN(

TEMPCC( 1)--9.8966lE-03 RELXCC(

T 1- 21.90045 T 99-, -320.00000 T 100-

TI.'_- 8.20010 DTIMEU-5.000003E-03 CSGHZff(

TEMPCC( i)--9.429362-03 RELXCC(

T I- 2|.70721 T 99- -320.00000 T 100-

TIP_- 8.30010 DCII_U-5.000003E-03 CSGHIN(

TEMPCC( 1)--1.91426E-03 RELXCC(

T 1- 21.52310 T 99, -320.00000 T 100-

TII, I_- 0.40010 DTIMEU-S.000003E-03 CSC-,MIN (

TEMPCC( 1)--8.56046E-03 RELXCC[

T 1- 2|.34769 T 99- -320.00000 T 100-

********..

TZH_- 8.50010 DTIMEU-$.000003E-03 CSGHIN!

TEHJPCC( 1)--0.15676E-03 RZLXCCI

T 1- Z1.I|057 T 99- -320.00000 T 100-

TI_- 0.60011 DTIF_U-5.000003E-03 CSGNIN(

TE.HPCC( 1)--7,?T226E-03 RZLXCC(

T 1- 2|.02130 T 99- -320.00000 T 100-

TI_- 8.70011 DTIHEU-5.000003£-03 CSGHIN(

TEMPCC( 1)--7.40605E-03 RELXCC{

T 1- 27.86957 T 99- -320.00000 T L00-

TI_- 8. 80011 DTIMEU-5.000003E-03 CSGMIN (

TZMPCC! I)--7.05TITE-03 RELXCC(

T I- 27.72490 T 99- -320.00000 T I00-

SZNDA/19|T/AMSI 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAGE

1)- 2.77941E*00

0)- 0.00000E+00

100.00000

1)- 2.77997E+00

0)- 0.00000E+00

L00.00000

1)- 2.78050E+00

0)- 0.00000E+00

I00.00000

1)- 2.75100E+00
0)- 0.00000Z+00

100.00000

l)- 2.79146E+00

0]- O.00000E+00

100.0CO00

L)- 2.TB193E+00
0)- 0.00000E+00

lO0.O0000

l)- 2.78237E+00

0)- 0.00000E+00

tO0.O0000

1)- 2.78278£+00

0)- O.O0000E+O0

iO0.O0000

l)- 2._8317E+00

0)- O,OO000E+O0

I00.30000

I0
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GA.SRI PC-SIMDA, THREE COLUMN oUTPUT

l(C) COPYRIGHT 19|2,19|3,1984,1905.19|6,1907 J.D.GASKI $INDAJl�ST/AMSI 1.31 NF_IORK ANALYSIS /_SOCIATES, INC. - PAGE

TEST. PC-S tNI_

IIiiiiiiii

TI_- 8. 90011 DTI_L_'5. 000003E-03 CSGHIIV( 1)- 2. 70355_+00

TI_*CC ( i)--6. 724911r.-03 REY.,XCC( 0)- 0. 00000E+00

T 1- 27.51722 T 99.- -320.00000 T 100- 100.00000

**teime*e*

TIME- 9. 00012 D'I"IY_U- 5. 000003Z-03 CSG)IIN ( 1 ) - 2. 71391E÷00

TF.J_CC( 1)_6.40114"/E-03 RI_LXCC( 0)- 0.00000Z+00

T 1- 27.45596 T 99" -320.00000 T 100- 100.00000

TII, I,- 9.10012 DTD_U,..5.0000031_-03 CSGZqlN( 1)- 2. 7142$te+00

TI_qlIeCC( 1)--I. 10617E-03 RELXCC ( 0)- 0. 000001_+00

T 1- 27.330114 T 99,- -320.00000 T 100- 100.00000

TI_E- 9. 20012 DTT.P_U-S. 000003E-03 CSGMXN { 1) - 2. 754 $7E+00

TZMI_C ( 1 ) --S. $19_1B-03 RELXCC ( 0) - 0. 00000r.+00

T 1- 27+ 21161 T 99.- -320. 00000 T 100- 100. 00000

lellllllli

TI_- 9.30012 DTIHEU-5. 000003E-03 CSGMIN( 1)- 2. 704161_+00

T F,,IV_CC{ 1)--S.54591E-03 RELXCC( 0)- 0.00000£+00

T 1- 27,09799 T 99- -320.00000 T 100- L00.00000

7I."_- 9. 40012 DT IIq..U-5. 000003E-03 CSGMZN ( i )- 2.7|51T_-+00

TZ,I'_CC( 1)--$.21505'e-03 REI,.XCC( 0)- 0.00000E+O0

T 1- 26.91969 T 99-- -320.00000 T 100- 100. 00000

Tt_- 9.50013 DT_U-$. 000003E-03 CSGMIN < 1 ) - 2. ? 1546_+00
TF-IqlPCC ( 1)---5. 03663E-03 REGXCC I 0 ] - 0. 000O0Ur+00

T 1- 26.11651 T 99- -320. 00000 T 100- 100.00000

TI_- 9. 60013 I_I"2MEU--5. 000003E-03 CSGMIN ( 1)- 2.71572E_.00

T_qLtDCC I 1 )--4. 79913"-03 RZLXCC ( O) - O. O0000Z+O0

T 1- 26. 71110 T 99- -320. 00000 T 100- 100.00000

TI_- 9. 70013 OTIMEU-$. 000003E-03 CSGMIN I 1 ) - 2. ?059|E+00

TEMPCC ( 1)--4,5"1450Z-03 RELXCC ( 01- 0. 00000E÷ 00

T 1- 26.69449 T 99- -320.00000 T 100- 100.00000

11

C,ASI(I PC-$INDA, THREE COLUMM OUTPUT

11C) COPYRIGHT 1902,19|3,1%14,19|5o1916,19|7 J.D.GASKI 51NDA/LgI?/ANSI 1.31 NETWORK ANALYSZS A3SOCIATES, INC. - ?AGE

TEST. PC-5 INDA

TIV_- 9. 00013 DTIMEU-$. 000003E-03 CSG_IN( I)- 2. 78622E+00

TERflPCC [ I)--4. 35957E-03 RELXCO ( 0)- 0. 00000E+00

T 1- 26.60516 T 99- -320.00000 T 100- 100.00000

TIt,_.- 9. 90014 DTINEU-5. 000003E-03 CSGMZN ( 1 ) - 2. 78645E+00

TEHPCC( 1)--4.15411E-03 RELXCC( 0)- 0.000001_+00

T I- 26.52003 T 99- -320.00000 T I00- 100.00000

TIHflZ- 10.00000 DTIMEU-4.$61132E-03 CSGMIN( L)- 2.70667E+00
T_CC ( 1 )--3.15034E-03 RELXCC ( 0 )- 0. 00000E+O0

T L- 26.43906 T 99- -320.00000 T i00- I00.00000

$2
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Figure 4. SINDA solution to the non-linearized transient problem
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VI. Closing Comments:

This example is particularly important because it illustrates both the power and flexibility
of SINDA, as an analysis tool. Writing one's own differencing equation is not only a
useful option when solving certain problems but adds to the users insight into what cal-
culations are performed within the code. The reader is invited to select another method for
finding the zeros of a fourth order polynomial and to develop his/her own differencing
scheme for solving the non-linearized problem.

This example illustrates several numerical techniques which are sometimes used in network
analysis codes, but are not readily apparent to the thermal analyst. These techniques in-
clude linearization of the radiation term, formulation of the diffusion equation in a differ-

encing form, and use of a Newton-Raphson numerical convergence technique. These
techniques are simple, as iUustrated here, but become powerful when impcmcnted in a
network analyzer. By studying the present example, the analyst will gain an appreciation
for the terms and techniques discussed in the code instruction manuals.
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CHAPTER 2: STEADY STATE AND TRANSIENT RADIATION

SECTION 4: TRASYS Model Example of Space Transportation
System (STS) Prelaunch Model

ANALYSIS CODE: TRASYS

Io Identification of the Problem:

A. Statement of the Problem:

This model was created to aid in the analyzing of the ice potential on the

STS External Tank (El'). TRASYS provides radiation conductors and heat

rate arrays that are input into a SINDA model (see Chapter 3.3).

B. Given:

TRASYS involves building the model parts to be analyzed. The parts are

constructed by inputting the type of shape desired (i.e., rectangle, circle,

sphere, arc, ect..) and the size of the shape along with the translations of the

object, which sides are active and other parameters pertaining to radiation

transfer. The model includes the major components (relative to heat

transfer) related to launching the Space Shuttle : the ET, the Solid Rocket

Boosters (SRB's), the Orbiter, the Fixed Service Structure (FSS), the

Mobile Launch Pad (MLP), the ground and the concrete pad.
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TRASYS INPUT LISTING

HEADER OPTIONS DATA

TITLE STS 30 PRELAUNCH THERMAL MODEL

MODEL- STACK

INFO - N

BCDOU

USER1

HEADER DOCUMENTATION DATA

COMMENTS, WORDS, ETC ..........

HEADER SURFACE DATA

BCS LH2BAR

D 1./12.

S SURFN-1001 $ NODES I001 THRU 1016

TYPE-CYL

R- 165.6

ZMIN-0.

ZMAX-912.

AXMIN-0.

AXMAX-360.

NNAX-4

NNZ-4

ACTIVE-OUT, ALPHA-. 8, EMI SS-. 94

BCS IT

S SURFN-IOI7 $ NODES 1017 THRU 1020

TYPE-CYL

R- 165.6

ZMIN-0.

ZMAX-297.9

AXMIN-0.

AXMAX-360.

NNAX-4

NNZ-I

ACTIVE=OUT, ALPHA z .8, EMISS-. 94

BCS LOXBAR

S SURFN-1021 S NODES 1021 THRU 1024

TYPE=CYL

R_ 165.6

ZMIN-0.

ZMAX'98.7

AXMIN=0.

AXMAX-360.

NNAX-4

NNZ-I

ACTIVE=OUT, ALPHA-. 8 ,EMISS- .94

BCS AOGIV

S SURFN-1025 $ NODES 1025 THRU 1029

TYPE=CONE

R=165.6

ZMIN=584.87

ZMAX=787.87

AXMIN=0.

AXMAX=360.

NNAX=4

NNZ'I

ACTIVE=OUT, ALPHA=.8, EMISS=. 94

BCS FOGIV

S SURFN=I029 $ NODES 1029 THRU 1032

TYPE=CONE

R=122.83

ZMIN=42.83

ZMAX=208.58
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BCS

S

BCS

S

BCS

S

BCS

S

AXMIN=O.

AXMAX-360.

NNAX-4

NNZ=I

ACTIVE=OUT,ALPHA-.8,EMISS=.94

AFTDOME

SURFN-1033 $ NODES 1033 THRU 1036

TYPE=SPHERE

R- 172.4

ZMIN-48.

ZMAX'172.4

AXMIN-O.

AXMAX=360.

NNAX-4

NNZ=I

ACTIVE-OUT,ALPHA-.8,EMISS-.94

NOSECAP

SURFN-1037 $ NODE 1037

TYPE=CONE

R- 25.22

ZMIN=0.

ZMAX=34.

AXMIN-0.

AXMAX=360.

NNAX=I

NNZ=I

ACTIVE=OUT,ALPHA-.8,EMISS=.94

RHSRB

SURFN=I2001 $ NODES 12001 THRU 12004 (NOSE CONE)

TYPE-CONE

R- 73.0

ZMIN=0.

ZMAX=201.

AXMIN=O.

AXMAX=360.

NNAX=4

NNZ=I

ACTIVE=OUT,ALPHAs0.25,EMISS=0.9

SURFN-12005 $ NODES 12005 THRU 12032 (SRM)

TYPE=CYL

R- 73.0'

ZMIN=201.

ZMAX=I290.3

AXMIN=0.

AXMAX=360.

NNAX=4

NNZ=7

ACTIVE=OUT, ALPHA-.50,EMISS=.9

SURFN=I2033 $ NODES 12033 THRU 12040 (REAR ASSM)

TYPE=CYL

R= 73.0

ZMIN=I290.3

ZMAX-1639.

AXMIN=0.

AXMAX=360.

NNAX=4

NNZ=2

ACTIVE=OUT,ALPHA=.5,EMISS=.9

LHSRB

SURFN=I2045 $ NODES 12045 THRU 12048 (NOSE CONE)

IDUPSF=I2001

SURFN=I2049 $ NODES 12049 THRU 12076 SRM)

IDUPSF=I2005

SURFN-12077 $ NODES 12077 THRU 12084 (REAR ASSM)
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BCS

S

BCS

S

BCS

S

BCS

S

IDUPSF-12033

LASKRT

SURFN-12085 $ LEFT AFT SKIRT

TYPE-CONE

R=I07.57

ZMIN=I89.88

ZMAX-279.88

AXMAX=360.

AXMIN-0.

NNAX-4

NNZ=I

ACTIVE=OUT,ALPHA-.5,EMISS-.9

RASKRT

SURFN-12041 $ RIGHT AFT SKIRT

IDUPSF-12085

MLP

SURFN=500 $ MLP DECK

TYPE=RECT

PI-1920.,1620.,0.

NNX-2

NNY-2

ACTIVE-TOP,ALPHA-.6, EMISS-.8

ORBITER

SURFN-8000 $ FUSELAGE

TYPE=TRAP

PI_205.,-I05.,1823.04

P2-205.,-209.6,1306.44

P3-205.,209.6,1306.44

P4-205.,105.,1823.04

NNAX- 1

NNY-I

ACTIVE-BOTTOM, ALPHA=.85,EMISS=.85

SURFN=8005 $ FWD WINGS

TYPE-TRAP

PI-205.,-209.6,1306.44

P2=205.,-441.72,1029.48

P3=205.,441.72,1029.48

P4=205.,209.6,1306.44

NNY=I

NNAX-I

ACTIVE=BOTTOM,ALPHA=.85,EMISS=.85

SURFN=8010 $ PORT AFT WING

TYPE=POLY

PI=205.,-441.72,1029.48

P2-205.,-457.,887.25

P3=205.,-142.20,834.81

P4=205.,-i04.76,1029.48

ACTIVE-BOTTOM, ALPHA-.85,EMISS=.85

SURFN-8015 $ STARBOARD AFT WING

TYPE-POLY

IMAGSF-8010

IREFSF=I01

REFNO=I01

PI=0.,0.,0.

P2_O.O,O.,I.

P3=I.,O.,I.

NNAX=I

NNY=I

ACTIVE=BOTTOM, ALPHA=.85,EMISS=.85

SURFN=8020 S TAIL

TYPE=TRAP

PI-205.,-I04.76,1029.48

P2=205.,-142.2,834.81

P3=205.,142.2,834.81
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D

BCS

S

P4-205., 104.76,1029.48

NNAX-I

NNY-I °

ACTIVE-BOTTOM, ALPHA-.85,EMISS-.85

SURFN-8025 $ BODY FLAP

TYPE-TRAP

Pi-205.,I19.78,715.03

P2-205.,142.2,834.81

P3-205.,-142.2,834.81

P4-205.,-I19.78,715.03

NNAX-I

NNY-I

ACTIVE-BOTTOM, ALPHA-.85,EMISS-.85

SURFN-8030 $ AFT NOSE

TYPE-TRAP

PI-205.,-71.87,1947.84

P2-205.,-I05.0,1823.04

P3-205.,i05.0,1823.04

P4-205.,71.87,1947o84

NNAX-I

NNY'I

ACTIVE-BOTTOM, ALPHA-.85,EMISSz.85

SURFN-8035 $ FWD NOSE

TYPE-TRAP

PI-205.,-17.64,2072.64

P2-205.,-71.87,1947.84

P3"205.,71.87,1947.84

P4"205.,17.64,2072.64

NNAX'I

NNY'I

ACTIVE=BOTTOM,ALPHA'.85,EMISS=.85

I. $ RESETTING THE DIMENSIONS TO FEET

FSS

SURFN'6000 $ FSS LV 115

TYPE-RECT

P1 s 20.,20.,115.

P2--20.,20.,I15.

P3--20.,-20.,I15.

NNAXsl

NNY-I

ACTIVE-BOTH,ALPHA-.80, EMISS=.60

SURFN-6010 $ FSS LV 135

TYPE'RECT

P1 _ 20.,20.,135.

P2--20.,20.,135.

P3--20.,-20.,135.

NNAX'I

NNY-I

ACTIVE-BOTH, ALPHA-.80, EMISS=.60

SURFN-6020 $ FSS LV 155

TYPE-RECT

P1 z 20.,20.,155.

P2--20.,20.,155.

P3--20.,-20.,155.

NNAX-I

NNY-I

ACTIVE=BOTH,ALPHA=.80,EMISS=.60

SURFN-6030 $ FSS LV 175

TYPE-RECT

PI = 20.,20.,175.

P2--20.,20.,175.

P3=-20.,-20.,175.

NNAXsl

NNYsl
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ACTIVE'BOTH,ALPHA-.80,EMISS..60

S SURFN-6040 $ FSS LV 195

TYPE-RECT

PI- 20.,20.,195.

P2--20.,20.,195.

P3--20.,-20.,195.

NNAX-I

NNY-I

ACTIVE-BOTH,ALPHA-.80,EMISS..60

S SURFN-6050 $ FSS LV 215

TYPE-RECT

PI- 20.,20.,215.

P2--20.,20.,215.

P3--20.,-20.,215.

NNAX-I

NNY-I

ACTIVE-BOTH,ALPHA-.80,EMISS..60

S SURFN-6060 $ FSS LV 235

TYPE-RECT

PI- 20.,20.,235.

P2--20.,20.,235.

P3--20.,-20.,235.

NNAX-I

NNY-I

ACTIVE-BOTH,ALPHA-.80, EMISSz.60

S SURFN-6070 $ FSS LV 255

TYPE-RECT

Pl= 20.,20.,255.

P2--20.,20.,255.

P3--20.,-20.,255.

NNAX-I

NNY=I

ACTIVE-BOTH,ALPHA-.80, EMISS=.60

S SURFN-6080 $ FSS LV 275

TYPE=RECT

Pl- 20.,20.,275.

P2=-20.,20.,275.

P31-20.,-20.,275.

NNAX=I

NNY-I

ACTIVE=BOTH, ALPHA-.80,EMISS=.60

S SURFN-6090 $ FSS LV 295

TYPE-RECT

PI= 20.,20.,295.

P2=°20.,20.,295.

P3--20.,-20.,295.

NNAX=I

NNY-I

ACTIVE'BOTH, ALPHA-.80,EMISS=.60
BCS GROUND

S SURFN-9000 $ GROUND NODES

TYPE-DISK

DIMENSIONS=0.,0.,250.,0.,360.

NNAX=4

NNR=I

ACTIVE=TOP,PROP=.60,.90

SURFN=9001 $ BUBBLE

TYPE=BO×6

PI'251.,251.,320.

P2--251.,251.,320.

P3_-251.,-251.,320.

P4--251.,-251.,-I0.

ACTIVE=IN, PROP=.3, .3

HEADER BCS DATA

C

C

C

C

C

C

C
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LH2BAR, O.,0.,992.8/12.,0.,0.,45.

IT,0.,0.,1904.8/12.,0.,0.,45.

AFTDOME, 0.,0.,1040.8/12.,180.,0.,45.

LOXBAR, 0.,0.,2202.7/12.,0.,0.,45.

AOGIV, O.,0.,3087.87/12.,180.,0.,45.

FOGIV, 0.,0.,2713.59/12.,180.,0.,45.

NOSECAP, 0.,0.,2704.76/12.,180.,0.,90.

RHSRB, 250.9/12.,O.,2295./12.,180.,O.,45.

LHSRB,-250.9/12.,0.,2295./12.,180.,0.,45.

LASKRT,-250.9/12.,0.,845.98/12.,180.,0.,45.

RASKRT, 250.9/12.,0.,845.98/12.,180.,0.,45.

MLP,-67.5,100.,47.0,0.,0.,-90.

ORBITER, O.,0.,0.,0.,0.,-90.

FSS,-97.5,0.,0.,0.,0.,0.

GROUND, 0.,0.,0.,0.,0.,0.

HEADER CORRESPONDENCE DATA

HEADER OPERATIONS DATA

BUILD STACK,ORBITER, LOXBAR, LH2BAR, IT,AFTDOME,AOGIV, NOSECAP,

*LHSRB, RHSRB, LASKRT, RASKRT, MLP,FOGIV, FSS,GROUND

CALL NDATAS(I,3HALL, 0,3HYES, 2HNO)

L NPLOT

CALL FFDATA(.05,0.1,4HSHAD, 15.0,I.E-6,3HYES, 4HTAPE,2HNO, 0,0)

L FFCAL

CALL GBDATA(4HBOTH,0,2HFF)

L GBCAL

CALL RKDATA(0,2HNO,.005,10001,5HSPACE, 9999,1.713E-9,1.,4HTAPE, 0)

L RKCAL

C 124 " MAY. 4, 1989

CALL SURFP(3HEAR, 28.5,124.,0.0)

CALL DIDT3S(0000,2HNO)

STEP 1

TIMEPR=00.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 2

TIMEPR=01.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 3

TIMEPR=02.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 4

TIMEPR=03.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 5

TIMEPR-04.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 6

TIMEPRz05.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 7

TIMEPR-06.00

L DICAL

CALL AQDATA(0,0,1.,I.,I.)
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L AQCAL

STEP 8

TIMEPR-07.00

SOLO-53.56

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 9

TIMEPR-08.00

SOLO-155.49

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP i0

TIMEPR-09.00

SOLO-207.6

L DICAL

CALL AQDATA(O,0,1.,I., i.)

L AQCAL

STEP Ii

TIMEPR-IO.O0

SOL0_189.1

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 12

TIMEPR-I 1.00

SOLO-140.8

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 13

TIMEPR-12.00

SOLO-261.2

L DICAL

CALL AQDATA(0,O,I., i., i.)

L AQCAL

STEP 14

TIMEPR-13.00

SOLOz259.5

L DICAL

CALL AQDATA(0, 0, i., I., i.)

L AQCAL

STEP 15

TIMEPR-I 4.00

SOLO-231.1

L DICAL

CALL AQDATA(0, 0, I., I., i. )

L AQCAL

STEP 16

TIMEPR-15.00

SOLO=191.0

L DICAL

CALL AQDATA(0, 0, I., I., I.)

L AQCAL

STEP 17

TIMEPR_I6.00

SOLO=I 74 .5

L DICAL

CALL AQDATA(0,0,1., i., I.)

L AQCAL

STEP 18

TIMEPR-I 7.00

SOLO=I50.1
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L

L

STEP

L

L

STEP

L

L

STEP

L

L

STEP

L

L

STEP

L

L

L

L DICAL

CALL AQDATA(0,0,1.,I.,I.) o

L AQCAL

STEP 19

TIMEPR-18.00

SOLO-I09.4

L DICAL

CALL AQDATA(0,0,1.,I.,I.)

L AQCAL

STEP 20

TIMEPR-19.00

SOLO-25.3

DICAL

CALL AQDATA(0,0,1. I.,i.)

AQCAL

21

TIMEPR-20.00

DICAL

CALL AQDATA(0,0,1. i.,i°)

AQCAL

22

TIMEPR-21.00

DICAL

CALL AQDATA(0,0,1. I.,I.)

AQCAL

23

TIMEPR-22.00

DICAL

CALL AQDATA(0,0,1 ,i.,I.)

AQCAL

24

TIMEPRz23.00

DICAL

CALL AQDATA(0,0,1 ,i.,i.)

AQCAL

25

TIMEPRs24.00

DICAL

CALL AQDATA(0,0,1 ,I.,I.)

AQCAL

CALL QODATA(3HALL, I,4HTAPE, 2HNO, I.,I.,I.,4HBOTH, I)

QOCAL

END FILE NBCDOU

END FILE NUSERI

END OF DATA
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SAMPLE TRASYS OUTPUT LISTING FOR SINDA

RADIATION CONDUCTORS

10001,

10002.

10003.

10004.

10005,

10006.

10007.

10008.

10009,

10010,

10011.

10012,
10013

10014

10015

;0016

10017

10011

10019

10020

10021

10022

[0023

10024

10025

10026

10027

I0028

10029

10030

10031

10032

10033

10034

10035

10036

10037

10031

10039

10040

[0041

10042

[0043.

10044.

10045.

10041,

10047.

10048,

10049,

10050,

10051,

10052.

10053.

10054,

1005S.

100SG,

100S?,

I0031,

10059,

10060,

10061.

10062,

10063,

10064

10065

10066

10067

1001|

100t9

10070

i0071

10072

10073

10074

I0075

lO0?E

i0077

10078

10079

_00|0

L00|I

10052

_00|3

100|4

L00|5

10086

100|7

10055

100B9

10090

10091,

10092.

10093.

10094,

10095.

1001, 43024,

1001, 43011,

1001. 500,

1001, 501,

1001. 502,

1001, 503°

1001, 9000,

1001, 9001,

1002. 500,

1002, 501,

1002. $000.

1002, 9001.

1002, 9002,

1003, 43022,

1003, 43061.

1003. SO0,

1003, 501,

1003, 9000,

i003, 9001.

1003, 9002,

L003, 9003°

1004, 43020,

1004, 43064.

[004, S00.

1004, 501.

1004. 9000,

[004, 9001,

1004, 9002,

1004, 9003.

1005, 12054,

1005, [2055.

1005. 12018.

1005. 12019.

1005, 12071,

1005o 1207&,

I005, 12077,

I005, 12011,
1005, 120|3,

1005, 43054.
1005, 430t|,

1005, 43075,

I005, 500,

1005, 502,

[005, 0005,

1005, 0010,

1005, 9000,

1005, 9001,

1005, 9002,

100t, 12O52.

100t, 12053,

1006, 12054.

IOOE. 1201&,

1006, 12067,

1006, 12011.
1006. 12073.

i006. 12074.

1006° 12075,

1001, 43052,

1001, 43066.
i00t. 43073.

I00t. 43034,

lOO&. 4306|.

1006, 430?5,

1006. 500,

1001, |000,

1006, $005,

1001, 8010,

1006, 9000.

I006. 9001.

1006, 9002.

i007, [2051,

1007, 12052.

1007, 12053.

I00?, 12065.

1007, 12061,

1007, 12067,

1007, 22072,

I007, _2073,

1007, 12074,

I007, 43O52,

1007, 43066°

L007. 430?3.

1007, 500.

1007, #000,

I007. 4005.

1007. 9000,

1007, 9001,

1007, 9002.

LO0|, 12049.

1004, 12050,

1004, 12051.

100t, 12013.

1008, 12014.

I001. 12065,

1004. 12070,

4.43476R-111

4.43729[-115

5.230261-0|$

5.22736E-011

4.21156_-091

4.157250-091

7.399581-015

?.44545[-011

3.$11091-04S

3.$8002[-045

9.13135[-085

9.166736-0|$

3.64751[-095

3.90457[-115

3.90737[-11$

2.45346[-01$

2.45353[-08$

9.22997R-011

9.26104[-0|$

3.94767[-095

4.293641-09$

5.23929K-111

5.24271[-115

1.707091-0|$

1.70409[-0|$

_,324711-0|$

9.354041-011

3.34|07[-091

4.342131-091
7.05380E-09$

L.41751[-045

6.1310|[-09$

1.41326E-015

5.27170[-Q15

1.29603_-075

3.60592[-095

2.#6425[-095

1.136391-08$

5.74111E-101

5.$2204[-105

4.99243[-095
2.34632K-04$

1.61640[-011

7.046B0[-041

3.0?225[-045

4.01951£-098

4.114136-0|$

#,43125E-095

1.412066-091

1.259676-0|$

9.|11116-091

1.34399[-09$

1.24|221-0|$

9.59502[-09_
2.066141-09_

L.i0673[-07_

#.040666-0t;

1.84229[-101

1.41161[-10_

4.91150E-10_

1.00119[-10!

9.004641-11_

1.410041-I0_

1.88_7[-04_

2.39624[-08_

3.50302[-045

3.469951-091

4.26696[-095

5.092936-085

3,070136-00$

5.734031-09$

1.44012[-085

3.41143[-09$

5.70174[-09$

1.434451-085

3.t252|[-095

4.15311E-041

1.30465E-071

2.233?4[-04$

4.610361-101

4.62673£-10$

4.628891-091

1.2|534E-04$

2.211121-001

3.39111E-094

4.712036-095

5.265_61~085

4.720666-085

1.055001-09S

1.172086-04S

1.04472E-041

1.054541-09$

1.i7170E-_84

1.04790E-045

1.3666|E-095
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10096.

10097.

10090.
10099.

10100,

10101.

10102,
10103.

10104,

10105.

10108.

10107,

1010e,

I0109,

10110°

10111,

10112,

10113,

10114.

10111.

10116.

i0117,

10111.

10119,

10120,

10121,

10122,

10123,

10124,

10125,

I0124,

10127,

10128.

10129,

10130,

10131,

10132,

10133.

10134,

10135.

10136.

10137,

10138.

10139,

10140.

10141,

10142.

1014_.

10144,

10145.

1014E,

10147°

10141,

10149,

L0150,

10151,

10152.

10153,

10114,

10155,

10154.

10157.

1015@.

10155.

10160,

10161,

10162,

L01G3,

10164.

10165,

10164

1016_

10168.

10169

10170

10171

10172

10173

10174

10175

10176

10177

1017|

10179,

I0110,

10181.

10182.

i0183,

I01#4,

101|5,

10186.

101#7.

loll|.

10189.

10190.

i0191,

10192,

10193.

10194,

10195,

10196,

10197,

10198,

10199.

10200,

10201.

L0202.

10203.

100|.

100|,

100|,

1008,
1008.

1008.

1008.

1001.

1008.

1008.

100e,

1009,

1009,

1009o

1009.

1009.

1009.

1009o

1009°

1009,

1009,

1009,

1009,

1009,

i009°

1009,

1009.

1009,

1009,

1009.

1009,

1009.
i010.

1010.

1010.

1010.

1010.

1010,

1010,

1010.

1010.

1010,

1010.

1010,

1010.

1010o

1010.

1010,

1010,

1010.

1011.

1011.

1011o

t011.

1011,

1011,

1011,

1011,

1011,

1011,

1011.

i011.

1011.

1012.

1012.

1012,

1012,

1012,

1012,

1012,

1012,

1012,

1012.

1013,

t013,

1013.

1013.

1013,

1013,

1013.

1013,

1013,

1013.

1013.

1013,

1013.

1013.

1013,

1013,

1013,

1013.

1013,

1014,

1014.

1014,

1014,

1014.
1014.

1014.

!014.

1014,

1014,

1014,

1014.

1014.

1014.

L014.

1014,

12071° 1.020434-071

12072. 9.167844-0|$

43030. 6.003334-101

43044, 6,001114-101

43071. 5.060904-098

500. |.173644-09$

502, 3.368104-091

4000, 6.23973_-091

9000, 4.96361E-091

9001. 5.33364E-005

9002. 5.694314-0|$

1010. 7.380134-09$

1033. 3.233494-091

12010. Z.21658E-09$

12011. 2.808524-09$

12033, 1.377524-091

43010. 1.581474-101

12054. 2.217294-091

12033, 2.|09204-091

12077. 1.37|214-091

430S4, 1.509734-101

502, 3.51294E-091

503, 3.46134B-098

|000, 6.31977E-098

IOOS, 3.93679E-075

|010. 1.697414-08$

|013. 1.6971|E-0|8

1020, 6.579904-081

9000. 5.273914-091

9001. 5.730$0Z-091

9003. 5.629054-091

9003, $.1|1794-091

1011, 1.303484-0|$

1012, 7.2S953E-095

12009, 1.096604-09$

12010, 1.3606|!-091

12011. 1.26466E-09$

43008, 6.02809_-111

42010. 7.517444-111

12053. 1.099244-091
12034. 1.381304-091

12055, 1.2|5354-091
43052, 6.030744-111

43054, 7.519454-111

8000, 2.|54654-071

8005, 1.|77264-071

9000. 5.354474-091

9001° 5.672144-091

9002, 1.349658-081

9003. 1.31546[-011

1012. 1.064464-0|$

12008, 1.144064-09$

12009. 1.22273K-096

43001. |.594604-II$

12032, 1.14677E-091

12053. 1.223324-091

43052. $.59752_-111

8000. 4.24455E-075

|005. 4.132764-091

9000, 5.11325[-09$
9001, 5.43687E-Og$

9002. 1.964504-061

9003, 1.954S5E-085

1019. 5.0Q2064-09$

43006, ?.076_24-111

43050. 7.06031K-111

$000. 2.374614-071

1030. 1.030064-071

003S, 3.40423K-091

9000. 5.506414-09$

9001. 4.46822K-091

9002. 3.311034-0|$

9003, 3.2|303E-085

12010, 7.013734-091

12011. 1.487574-01S

12017, 5.27|704-0|$

12018. 1.29603E-071

12024, 6.631524-091

12025, 1.413264-0|6

12033. 3.605|34-09$

12035. 1.13639E-06S

12037. 2.|64164-093

43010, 5.748094-101

43017. 4.992434-091

43024, 5.52203K-105

501, 2.38565R-0|S

503, 1.615444-0|$

4005, 7.0667|[-0|$

1015, 3.07222E-0|$

9000, 4.15919E-0|$

9001. 4.03|014-09$

9003, 8.3|0914-09S

1200|, 1.41203K-091

12009, 1.25966[-0#$

12010, 9.811114-09$

12015, 2.066144-09$

12016, I.I06734-071

12017, 8+040664-08$

12022, 1.34397_-091

12023. 1.24622E-08$

12024. 9.59493R-091

43000. 1842214-10$

43015. 4.9|8504-I0$

43022. I.&I1594-I0S

43010. 1,001184-I01

43017. 141004£-I01

43024, 9.00454E-11$

501, 1.888|0E-08$
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- 10204.

- 1020S.

1020(,

- 10207,

- 10208.

- 10209,

- 10210,

10211,

- 10212.

- 10213.

10214,

- 10215,

- 10216,

- L0217,

- 10211,

" 10219,

" 10220,

- 10221°

- 10222,

- 10223.

- 10224

- 10225

1022(

10227

10228

1022S

10230

10231

10232

10233

10234

10233

10238

10237

10238

10239

10240

10241

10242

10243

10244

1024S

10246

- 10247

10241

- L0249

1o2_.
10251

- 10252

- 10253

- 10254

10255

10254

- 10257

- 10251

10251

10260
- 10261

- 10262

10263

10264

- 10265

- 10260

10267

10260

- 10269

- 10270

- 10271

- L0272

L0273

- L0274

- 10275

10276

10277

10278

10279

10210

10281

L0202

10203

10284

10283

10288

10207

10218

10219

10290

_0291

_0292

10293

10294

10295

10296
L0297

10290

10299

L0300

L0301

10302

10303

10304

L030_

i0301

i030_

L0301

10302

L0310

10311,

1014.

1014.

1014,

1014,

1014.
1014o

1013.

1015,

1015.

101$,

1013,

1015.

1011,

1015,

1015,

1011.

1015.

1015.

1015.

1018,

1018.

1015o

1015o
1013o

10lEo

1010,

1016o

1016,

1016.

1011°

1013.

1016.

L016,

LOll,

1016,

1011.

1014.

1016.

101t°

1014.

1014,
1014.

1017°

1017,

1017,

1017,

1017,

1018,

1011,

L011,

2011.

L011.

1010,

1011.

1011,

1018.

1011.

1010,

1011,

1011,

I011.

1010.

1011.

1019,

1019,
1019,

1019,

1019,

1020.
1020o

1020,

1020.

1020.

1020,

1020.

1020o

1020.

1020.

1020.

1020,

I020.

1020,

1021,

1021,

1021,

1021,

1021.

L022,

1022.

1022,

1022.

1022.

L022,

L022,

1022.

1022o

1022,

1022.

L022°

1022o

1022,

Z023.

1023.

1023,

L024,

I024,

L024,

1024.

8000.

8005.

1025,

9000.

9002,

9003,

12007,

12008,
12009

12014

12015

12014

12021

12022

12023

43008

43015

43022

501

|000

1005

9000.

9002,

9003,

12003,

12000,

12007.

12012.

12013.

12014,

12019°

12020.

12021,

43006°

43013.

43020,

$01,

503,

8000,

9000.

9001.

9003.

500,
501.

9000.

9001.

9003.

12045.

12047,

12048,

12049,

12050.

12043.

12041.

L2070.

12071.

500.

t0S0,

t060,

9000.

9001,

9002.

9003,

8030.

103S.

9000,

9002,

9003,

12001,

;2002°

L2003,

L200S,

12006,

12012,

12013.

12019,

12020,

501.

9000,

9001.

9002.

9003.

500,

501,

9000,

9001,

9003,

1204S,

12047,

12041,

500,

t011,

I021,

1050,

t040.

60?0.

1080.

9000,

9001.

9002.

9003,

9000,

9002,

9003,

12001,

12002.

12003,

501,

2.39623£-081

2.50301|-011

3.869801-09$

S.09012i-Ol!

4.276468-091

3.06llIE-Oll

5.734016-091

1,440116-011
3.SIlIIE-09I

4.113118-001

1.3046S_-071

2.233741°0|$

5.70172Z-091

1.43444_-081

3.$2S20K-091

4. $S035K-I01

4. i2089E-09:

4. 626726-10:

1.28115E-081

2.211128-0|_

3.391018-091

5.400996-081

4.71$$36-091

4.$5618E-014

1.05499_-09|
1.1?200Z-0|

1.04|728-0|_
1.36668_*09

1.02043Z-07

9.167148*01

1.034531-09

1.17170£-0l

1.04790_-08

i.003328-10

5.010908-09

i.001108-10

1.17201E-09

3.365978-09

6.239678-09

5.$91548-01

4.96750Z-09

5.936218-01
1.513341-0|

1.51133_-08

1.314278-071

1.31777_-071

5.700051-09$

7.49483Z-091

7.49491Z-091

5.73161Z-018

1.451218-08/

4.215218-09$

1.451338-01$

4.216198-091

1.33738E-071

3.361508-011

7.731038-091

5.399978-091

5.427418-09$

7.42490Z-09$

7.116841-081

1.02694E-01$

7°12524Z-091

5.S0596E-011

|.1130SZ-001

t.120198-09S

1.126298-071

1.123118-075

7.49134_-091

5.76119E-08S

7.491428-091

1.451008-011

4.2|3548-091

1.337308-070

3.361498-08/

1.451088-001

4.284416-091

7.74946Z-09$

7.406188-081

t.499468-09S

t.779268-09$

8.27847Z-08$

3.7t051E-091

3.775406-09$

4.431138-08$

4.441678-08$

2.18161_-091

4.992478-09$

4.992488°09$

1.18739E-081

1.727908-09$

2.19420E-09$

2.01116£-09l

3.00865_-09$

3.584978-091

1.909116-09S

1.41174_-09S

2.70713E-091

3.331418-01$

3.634018-011

3.079798-09S

2.17154Z-091

5.29415£-011

5.201488-01$

4.919958-091

1.$8737E-08$

4.989978-095

1.718418-091
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10312,

10313,

I0314,

10315°

10316.

10317,

10318.

10315,

10329.

10321,

10322.

10323,

10324,

10325,

10325,

10327°

10328,

10326,

10330.

10331°

10332.

10333,

10334,

10335.

10336,

10337,

1033|,

10339,

10340,

10341.

10342,

10343,

10344.

10346°

I0346,

10347,

10348,

10349,

10360,

103S1,

10352,

10353.

10354°

L0355,

10366,

10367.

103S8,

10369.

10360,

10361,

10362,

10363,

I0364°

1036S,

10366,

10367,

10360.

10369.

10370,

10371,

10372,

10373,

10374,

1037$.

10376,

10377.

10378,

10379o

10310°

10381,

10382,

10383.

103|4o

;0315,

- 10386.

10357.

10311.

10369,

10390.

10391,

10392.

10393,

10394.

_0395.

I0396°

10397,

10398.

10399,

10400.

10401,

10402,

10403.

10404.

10405.

10406,

10407.

1040|.

10409.

- I0610.

L0411.

10412,
10413,

10414°

10415,

10416.

i0417.

10418.

10419.

1024,

1024,

1024,

I024.

1025.

1025.

1026,

1026.

1026.

1026,

1026,

1026,

1026,

1026°

1026,
1026°

1026,

1026.

1026.

1026.

1026,

1027,

1027,

1028,

102|,

I02i,

I026,

1026.

I029,

1025,

1030.

1030,

1030.

1030,

1030,

1030,

1030,

1030,

1030,

1031,

1031,

1032,

1032°

1033.

1033,

1033,

1033,

1033,

1033,

1033,

1033.
1033.

1033,

1033,

1033o

1033,

1033.

1033.

1033,

1033,

1033,

1033,

1033.

1033°

1033.

1033,

1033,

1033.

1034,

i034.

1034o

1034,

1034,

1034,

1034,

1034.

1034,

1034,

1034,

1034,

1034,

1034,

1034.

1034,

1034,

1034.

1034.

1034.

1034o

L034,

1035.

1035,

i035,

1035°

1035,

1035,

1035,

1035.

i035,

1035.

1035.

1035,

1035,

i035o

1035o

1035,

1035.

1035.

9000. 3.74405E-086

9001, 2.10552E-066

9002, 2.40049E-096

9003. 4.04641E-086

9002, 7.6$195E-01S

9003. 7.66266E-01S

12045. 1.30720E-096

12047, 1.30721E-096

12046° 2.54111E-096

6011, 3.$6943E-096

6021° 5.39S26E-096

6031, 4.¢57591-098

6050. 3.64991E-098

6060, 6.42059E-095

60?0, ?.09765E-095

6080, 3.12351E-096

6090. 3.04223E-096

9000, 3.51630E-09$

9001. 6.39903E*0|$

9002. 6.78621E-085

9003, 3.67626E-096

9000, 7.19657E-066

9001. 7.217S1E-086

12001, 1.302092-09$

12002, 2.540802-09$

12003. 1.30209E-098

9000, 7.03813E-0|$

9003, ?.42696|-0|8

9002, 2.01?6?E-OII

9{I03. 2.07705E-0|$

6021. 1.30237E-09$

6031, 1.60423E-096

6041, 1.27440E-096

60&0, 1.16139E-09$

6070, 3.03$56E-096

6080, 3.39100E-096

6090, 1.90362Z-09$

9001. 2.17272E-08$

9002, 2.172|4E-086

9000, 2.075301-016

9001. 2.08764E-06$

9000. 2.06103E-066

9003. 2.06103E-066

12033, 2,16711E-09$

12034, 2.25517E-096

12035, 1.737861-096

12036. 4.75202E-096

12077, 2.16728E-096

12078. 2.25491E-096

12063, 1.73766E-096

12084. 4.75202E-096

12085. 1.63518E-096

12086, 3.03467E-096

12041. 1.63505E-09S

12042. 3.03466E-096

500, 3.17339E-096

501. 3.16291E-09$

502° 4.$1429[-o8$

503, 4.88239E-08$

6005. 4.935|1Z-095

|010, 1.61602Z-0|$

0015, 1.61597E-08$

0020, 1.16913E-075

|025, 3.01166_-086

9000, 2.18396E-096

9001. 2.28751E-096

9002° 5.22201E-095

9003. 5.11761E-096

12036° 1.1410EE-096

12077° 5._749E-09$

12078. 1.64603E-096

12081. 5.45739E-096

12082, 1.46492E-096

12083, _.06796E-086

12084. 1.42747E-086

12085, 1.42424E-096

12067. 1.37313E-09$

12018. 4.85624E-096

12042, 1.41233E-09$

S00° 3.0531|E-066

501, 7.062||_-096

502. 7.28955Z-086

503° 1.72407E-086

8005. 3.46797E-09$

0010. 2.18218E-086

8020° 5.97680E-09$

8025. ?.85292[-09$

9000. 2.$3352E-09$

9001, 1.91386E-086

9002. 8.31911E-099

12035, 1.08S53[-096

12036, 4.23573E-096

12037, 1.34421£-095

1203|, I.|1068E-09$

12081. 1.34439_-098

12082. 1.81056[-09S

12083. 1.08552E-09$

120|4. 4.23573E-095

12017, 1.47784E°096

12088° 2.80220E-095

12042, 2.$0219E-09S

12043, 147768[-09S

500, 5.16902[-065

501, 5.16779K-065

502. 4.01669E-08S

503. 4.01447E-00$

9000, 2_17432E-0§S

9001, 2.88698E-086



- 10420.

10421,

10422,

- 10423°

- 10424,

- 10425,

- 10426.

- 10427,

10420,

- 10429.

10430,

10431,

o 10432.

10433.

10434,

- 10435,

- 10431

- 10437

- 10438

- 10435

- 10440

10441

10442

10443
10444

10445

_0446
10447

10448

10449

- 10450

- 104S1,

104S2.

10453.

- 10454.

- I0499o

- 10454,

10457,

1045|,
10459.

- 10440,

- 10461,
10442,

10463,

- 10444,

10461,

- 10444.

- 10447,

- 10448.

- I046S,

10470.

10471,

10472,

10473,

10474,

10475,

10476.

i0477.

I0478,
10479,

10410.

i04|1o
10442.

104|3.

L0444.

° 10485,

10416.

- 10417,

[04el.

10419.

- 10490,

10491.

- 10492.

10493,

10494,

- 10495,

10494.

L0497,
10490.

10499.
10500.

I0501,

10902,

10503.

10504.

I050S

10504

10507

i0508

10509

10510

10511

10512

10513

10514

10515

LOS1K
10517

10511

10519

10520

10521.

10522.

10523.

10524.

10525.

10526.

:0529.

1034

1034

103|

103|

103(

1036

1034

1034

1034

1036

1034

103G

1034

1034

1036

1036

1036

1034

1034

1034.

1036,

1034,

1037.

1037,

1037.

1037o

12001,

12001,

12002.

12002,

12002,

12002,

12003.

12003,

12004.

12004,

12005°

12005,

12005,

12005,

12005,

12005.

12005.

12004,

12006,
12006.

12004.

12004,

12004,

12004,

12007,

12007,

12007.

12007,

12007.

12007,

12001,

12000,

12001.
12001

12006.

12006,
1200g

12009

12009

:2009

12009

12009

12009

12010

12010

12010

12010
12010

12010

12011

12011

12011.

12011,

12011,

12011,

12011.

12011,

12012.

12012.

12012°

12012°

12013,

12013.

12013,

12013.

12013.

12013,

12014,

12014.

12014.

12014.

12014.

12014,

12014,

12015.

12015.

12015.

120;5.

12015,

12015,

12015.

12016.

12033. 5.947326-091

12034, 1.64635g-091

12035, 7.047966-081

12036° 1.42747E-004

12037, S.457236-094

1203|, 1.4$5246-094

12094, 1.14104[-095

12081, 1.41232[-09$

12041, 1.42400[-095

12042, 4.4}4236-094

12043° 1.37297[-094

SO0, 7.04344[-096
501 3.051|4[-005

S02 1.724626-064

$03 7.20751[-089

%005 3.447446-094

101| 2.11212[-004

602_ S.97479E-094

8o25 7.|$2|2[-095

9000 1.90314E-0|4
9001 2.47744[-09$

<3003 $.2|04$E-09$

9000 1.25273Eo09

9001 1.10962E-09

9002 1.11092[-09

9003 1.25743[-09

%002 1.21|41E-0|

9003 1.69094[-0|

%000 1.00003[-09

9001 3.19412E-09

9002 3.19642E-09

9003 1.05072E-09

9000 1.49399[-0|

9001. 1.40296[-08

9000, 1.59511[-0|

9003. 1.59511[-05

503, 1.94936[-09

I000, 2.17474E-09

4000, 1.$6673E-09;

1035, 1.919626-09:

%000, 1.70142[-09:

9002, 2.24993[-01:

9003, 3,741376-01_

503. 2.62762[-09_

1000, 7.4897S[-09_

4030, 2.98156[-09:

4033° 1.29019E-OgJ

9000. 1.72492E-091

9002. 1.%0331E-OlJ

9003, 3.32964Z-OlJ

503. 3.09_46E-09_

4000. 1.473|3[-06_

1030, 1.29935[-09

9000, 1.74340[-09

9002. 1.4|43|[-0|

9003, 2.99307[-09

503. 2.44985[-09

I000. 2.52040[-01

1003, 2.65161[-09

9000. 1.76251[-09$

9002. 1.09270[-0|$

9003, 3.01763[-041

503, 2.07159[-09$

1000. 2.67931E-08

4005. 1.541266-01

8015, 1.03104[-09

9000, 1.15501E-09

%002, 5.58624E-09

9003, 3.377086-01

1000. 1.17452[-0|

|00S, 5.639274-08

1015, 4.72821[-09

1020. 1.12914[-09:

9000. 2.051076-09:

9003, 2.01064E-01J

503, 9.17540[-09:

|000. 2.70112E-09:

4003, 6.57932[-06_

i016o 2.65355[-01:

4020. 4.49456[-09!

8025, 9.42939E-10:

9000. 2.18504_-09_

9003. 7.76096[-09_

9000. 2.33096[-09J

%001. 6.65542[-09J

9002. 5.30597E-09

9003. 3.14394[-09$

43013. 5.00752[-115

4000, 6.454T2[-096

9000. 2.30|26E-096

9001, 6.474276-095

9002. 3.03193E-095

9003. 3.10420E-099

43013, 4.51241E-11$

501, 9.76096[-[05

|000. 8.25967E-o96
9000. 2.24o48[-096

9001. 6.56661Z-095

9002, 1.64351[-09$

9003, 2.75117E-096

43015, 5.49020E-115

501, 1.26255£-095

|000, 1.300136-0|$

8005. 1.531266-09S

9000. 2.246546-095

9001. 6.304646-09$

9003. 2.12$426-09S

500. 9.74560[-10S
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10528

10529

10530

10531

10532

10533

10534

L053$

10531

LOS3_

LOS31

1053g

LOS4C

10541,

10S4_

10543

10544

10545

10046

10547

10541

10549

10550

10551

LOSS2

;0553

10554

10555,

10550.

10557,

10558°
10559,

105E0,
10561.

105_2,

10563°

10504°

10565,

10SEE,

10567,

LOS0eo

10569.

i0570.

i0571.

10572.

10573.

10574,

i0575.

10576,

10577,

i057|.
10579.

10500,

$0581,

10562,

105|3o

10584,

10585.

10556,

10587,

10501,

10519,

10590,

105_1,

LOS_2.

10593,

10594.

LOSgS.

10596.

10597,

I059|.

10599.

10600.

10601.

10602,

10603,

10004,

L060S,

10606,

_0607,

I0601.

10609,

106LO.

10611,

10612.

10613,

10614.

10615,

10616,

L0617,

10611,

10619,
10620,

10621.

10622°

_0623,

;0624,

10625,

10626.

i0627.

I062|,

10629.

:0630,

10631.

10632°

10633,

10634,

10635,

12016,

12018,

12016,

12016,

12016.

12010,

12017,

12017,

12017,

12017.

12017,

12017,

12018.

12010,

12011,

12010,

12018,

1201l,

12011,

12011,

12019.

1201),

12019°

I201),

12019.

12020,

12020,

12020.

12020,

12020.

12021,

12021,

12021.

12021,

12021,

12022.

12022,

12022°

12022.

12022,

12023,

12023,

12023.

12023,

12023,

12023,

12024,

12024,

12024,

12024.

12024°

12024,

12025.

12025.

1202$.

12025,

12025.

12025,

12026,

12026,

_2026,

12026,

12026,

12020,
12029

12029

12027.

12029
12027,

12021,

12021,

12020,

12020,

12021,

12029,

12029,

12029.

12029,

12029,

12030,

12030.

12030.

12030.

12031,

12031,

12031.

12031,

I2031,

12031,

_2032.

12032,

12032,

12032.

I2032,

12032.

$2033,

L2033,

12033.

12033,

12033.

12033.

12033.

12033.

120J3.

12034,

I2034,

12034,
12034,

$01. 1.60957E-090

$000, 1.70747E-080

8005, 4.40651E-090

9000, 2.167ilE-090 *

_001° 3.90106E-090

9003, 1.45910E-090

SO0, 1.07|39E-090

501, 2.10606E-090

4000, 4.$S357E-0$$

1000, 1,40562E-00$

9000, 1.97107E-090

9001, 3.&2699E-O$$

43017, 6.30276E-11S

S00, 1.10|761-095
501, 2.|S1391-090

|005, 1.306091-060

1015, 3.633021-050

0020. 1.$74271-090

9000. 1,79K301-09l

9001. 3.095931-090

$00, 2.17832E-090

501, 4.17512E-006

9000, 3.12151E-0|$

9001, 2.113211-000

9003, 1,69073E-090
SO0. 3.49155E-090

S01, 5.27025E-09$

9000, 3.073S3E-Ol$

9001, 2.03367R-010

9003, 1.68934E-090

500, 4.26205E-090

501, 6.749491-095

9000, 2.K6411-010

9001. 2.16170E-0|S

_003, 1.68101E-090

500, 5.18497E-09l

501, 1.72059E-090

9000, 3.01726E-010

9001, 2,01035E-00$

9003, 1,66360E-090

500, 6,25441E-090

501. 1.14051E-000

503, 1,00997E-09$

9000, ).024981-0|$

9001, 1.12154E-010

9003, 1.634241-09$

500, 7.397931-000

501, 1.499601-085

503, 1.71127E-090

9000, 2,715691-0e$

9001. 1.83001E-080

9003, 1.60176R-090

500, 4.77957E-090

501. 1.96|46[-01$

503, 3,10394E-090

9000. 2.34259[-010

9001, 1.42779E-04$

9003, 1.37027E-09S

501, 1.40627E-09$

503, 1.45153E-090

9000, 3.41305E-000

9001. 9.90203E-I00

9002, 1.14043E-090

9003, 3.60425_-0|$

501, 1.7|0411-095

503. 1.94624[-095

9000, 3.36670[-045

9002, 1,12079[-090

9003, 3.51172E-010

501, 2.2|163E-09$

503, 2.64002[-090

9000. 3.36!H_0[-04$

9002, 1.09676R-090

9003° 3.504101-0$$

501° 2.95?16[-090

503. 3.66065[-09$

_000, 3.3053|Z-0|$

9002, 1.00745[-095

9003, 3.47|15[-0$$

501, 3.17149[-090

503. $.49485E-095

9000, 3.25090E-00S

9003. 3,422|2[-045

501, 5,09026E-090

503, 5.84016[-09$

|005. 2.75354[-09S

$015. 1.32$53[-090

9000, 3.17444[-085

9003, 3.14692[-0|$

501, 6.63047[-090

503. 1.19024[-080

$005. 5,35100[-090

0015. 5.44077[-095

9000. 2.74|15[-040

9003. 2,35302E-01$

503, 2.91346[-0|$

8000, L.19089[-09$

8005, 2.03913E-000

1015. &.11464[-01S

8020, 1.02234E-00$

8025. 4.97639[-09$
9000, 2.14330E-095

_002, 3.25447E-09S

9003, 1.37163E-055

_2041, 9.40651E-10$

502, 8.240_6E-095

503. 4.94469_-_|$

8005. 2.12101E-09S
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- 10636,

- 10U?,
- I0630.

- 10639,

10(.40.

L0641,

- 10642,

- 10643.

- 10644.

- I0_4S.

- 10(.46,

- 10647,

10646.

10649°

10(50,

10651,

LOSS2,

L0653

L0654

10655

10654

10657

1065|

10659

10640

I0661

10(42

106G3

1064;4

- 10665

- 10666

- 10667
- 106E8

- 106E9

- 106?C

- 10671

- 10672,

10673,

106?4,

106?S.

- i067(,

I0677,

- 10670,

- LOE?9,

10610°

- 10681,

- 10602°

- 106|3,

- L0684,

- 1068S,

- L0616,

- 106|7,

- 10600,

- 106|9,

- 10690.

10691.

10692.

10693

10694

10695

10696

I069?

10699

10699
10700

10701

10702

10703

10704
10705

10706

10707

L0700

L0709,

10710.

10711,

10712,

10713,

10714.

10715.

10716°

10?t?,

10710°

- i0719,
10720,

10721,

10722,

- 10723°

I0724.

L0725,

10726,

L0727.

10728,

10729.

10730,

10731.

10732.

10733,
10734.

10735.

[0736,

i0737,

10731,

10739.

10740.

10741,

[0742.

10743.

12034,

12034,

12034.

12034,
12034,

12034,

12035.

12035,

12036,

12036°

12036,

12035,

12036,

12036,

12036,

1203S,

12035,

12035,

12035,

12036°

1203,.

12036°

1203,.

12036.

12036.

1203,o

12036,

12036,

12036.

12036°

12036,

12036,

1203',

12036,

12037,

12037,

12037,

12037,

12037,

12037,

12037.

12036.

L2031.

12038.

12036.

12038,

12031.

12030.

12039,

12039°

12039°

12039.

12039,

12039.

12040.

12040,
12040.

12040.

L2040,

L2040.

43006.

43006°

43006,

43006,

43006,

43006°

43013.

43013.

43013,

43015,

43013,

43013,

43020,

43020,

43020,

43020,

43020,

43027,

43027.

43027.

43027,

43027,

43027°

43001.
43008.

43008,

43008.

43001,

43001,

43015,

43015,

43015.

43015.

43015,

43015.

43015.

43022.

43022,

43022,

43022°

43022.

43029,

43029,

43029.

43029.

43029.

43010.

43010.

lOIS,

1020,

8025,

9000.

900Z°

9003,

12084,
12080,

500,

501,

502,

503,

1006,

0015.

1020,

1025.

9000,

_OOZ°

9002.

12083.

12084,

1208|,

12042.

SO0,

501o

502,

503.

1005,
8010.

10IS°

8020,

1025.

9001,

9002.

500,

501,

502,

503,

9000,

9001.

9003,

L2043,

500°
S01.

502,

503,

9000.

9001,

501,

503.

1005,
1015,

9000.

_003,

12044.

501.

503,

1015,

9003.
503.

$000,

8030,

9000.

9002.

9003,

500.

8000,

9000.

9001.

9002.

9'003,

500,

501,

9000.

9001.

9003,

501.

503.

9000.

9001,

9002.

9003.

503,

|000.

|005,

_000,
9002.

9003,

500.

501.

9000.

4005,

9000,

9001,

9003,

500.

501.

9000,

9001,

9003,

501,

503.

9000.

9002,

9003.

503.

8000,

1.619066-086

5.771086-096

7.9117646-096
1.07243E-090

1.00'906-096 •

1.427726-086

3.341366-096

2.10030E-098

9.323686-098

4.326466-098

1.1S66|E-018

9.32901E-096

2.19443Z-098

6.33548E-096

1,211446-086

6.$5274g-066

1.4255?!-095

9.03436Z-090

3.591436-096

3.341356-096
6.461|96-09

4.082776-09

9.625726-10

1.174916-09

4.360686-09

2.441466-08
2.455586-08

L.24636Z-09

3.209746-09

1.164026-09

7.11_416-09

9.900966-09

5.0'61'E-09

5.41459E-09

1.09010E-01:

2.850076-00;

2.267616-09

7.0,,606-09:

1.900686-08:

1.219006-011

1.113336-091

1.|30316-L01

1.01342E-091
3.00312E-001

2.74687E-09_

2.31165E-01_

1. 01905Z-01_

E. 361316-09J

9. 214326-09_

2.635796-08!

2.31647E-09_

1.01750Z-01_

2.43909_-08_

2.30102E-01l

8.91096Z-10_

8.62127E-095

4.659llE-08$

3.361E66-096
1.431646-0J$

L.SEOSLZ-015

L.I?006E-LOS

4.15778E-L05
9.616836-11S

7.07464Z-115

6.42722Z-10S

1.259656-096

4.222706-116

2.68957E-10S

1.19008Z-11S
2.19351Z-106

9.242766-116

1.175546-I06

1.526396-106

2.277756-I06

1.16097E-09$

7.550356-106

4.19539E-116

7.797516-11S

1.72512E-11S

1.209626-09S

3.919406-11$

4.66739_-116

1.23310Z-096

1.10366Z-I06

1.04210E-098

1.167976-106

7.361926-11$
3.32273E-i0$

1.133996-09S

6.40908E-115

5.59941E-116

5.455556-L0:
1.06644E-10:

8.95735E-11:

2.26575Z-[0:

4.56905[-11:

2.27355E-10_

3,78?OLE-LO:
1.13451Z-09!

7361946-I0$

6.80973Z-11S

1.302756-I06

1.67642Z-I06

1,26628E-09S

4.34596E-11$

i._3253E-096

4.40721E-115

2.02701£-10$

2-4-19
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10744,

10743.

1074E.
1074?.

10743.

i0749,

10750.

i0731,

10732,

10753.

lOTS4,

107S$.

10756°

10757,

10751,

_0159.

10760,

10761,

107E2.

107E3,

10764,

IO?ES,

10TIE.

10767,

10760,

10769.

10770.

10771.

10772o

10773,

10774,

10773,

10776.

lOTTT.

1077|.

10779,

10780.

10781,

10702,

10T13,

10714,

10715,

1071t,

10717,

10788.

107|9o

10790,

10791,

10792°

lO?g3.

10794.

I0795,

1079E,

10797,

10T9|.

10T99,

$0800.

10|01.

10102.

L0803.

LOI04,

$OlOS,

I0806,

10107,

lOlOl.

I0109,

I0110,

10111_

10012,

10113,

i0814,

10815,

i0116,

10117,

10110.

10119,

10120,

10121.

10122.

10023,

10124,

10825.

10526.

10127,

10021.

10825.

10830.

10131.

10132,

10133,

$0834.

10|35.

10|36,

i0137,

L0138.

L0|39.

10140,

10841.

;0842.

10843.

10844,

10845.

L0846.

I0847.

10141.

i0149,

L0850,

lO|S1.

43010,
43010,

43010.

43010,

43010°

43017,

43017,

43017,

43017,

43017,

43017,

43017.

43024,

43024,

43024.

43024°

43024°

43024,

43031,

43031,

43031,

43031,

43031,

43031

12045.

12045,

12046,

12046.

12046.

12046,

12046°

12046,

1204E.

13046°
12046.

12046.

12046.

12046°

1204_,

12047,

12047,

12048.

12041,

12041,

12040,

12049.

12049,

12049.

12049°

12049,

12049.

$2049,
12050.

12050.

12050.

12050.

12050°

12050.

12050°

12051.

120S1,

12051,

12031.

$2051.

12051,

12052.

12052.

12052,

12052,
12052,

12052.

12053,

12053,

12053,

12053.

12033,

12053,

12053.

12054,

12054.

12054,

12054.

12054.

12054,

12055.
12055.

120S5.

$2055.

12055.

12055.

12055,
Z2055,

12056.

12056.

$2056,

12056.

_2056,

L2056,

$2056.

12056.

L2056.

$2056°

Z2056,

12056,

12056.

12056.

12057,

12057,

1003, 2.12M06-091

8015. 3.602166-101

1020, 1.01030E-Ll$

9000, 1.610976-111

9003, 4.¢11356-10$

500, 9.950496-111

$01, $.0S3271-111

1003o 6.210976-101

4013, 6.37581g-11$

1020. 4.30_Ni4Z-115

_000. 7.2|060Z-111

9001, 1.70273K-101

500° 3.11|02Z-101

S01. 6.003496-101

503. |.601376-116

9000, L.01711R-011

9001. 5.H0441-10$

9003, 6.30126K-11$

501, 2.236836-10$

503, 2.733|36-105

8005. 1.695771010$

8015, 9.315106-111

9000, 1.171116-091

9003, 1.09557_-091

9002. 1.707161-005

9003, 1.231926-001

6011. 1.56032K-09$

6021, 1.593391-091

6031. 6.97887E-I01

6040. 1.52_H_06-091

6050, 2.564446-095

6060. 2.082216-091

60"0. 1.31933E-091

60_M), 9.966126-10$

6_90, 7.466856-101

9J00, ?.952696-101

9001, 1.56724Z-001

9002, 1.567326-06$

9003, 4.513016-101

9000. 1.4141|E-01$

9001. 1.44019_-088

9000° 3.200|66-09$

9001. 9.701976-100

9002, 1.020941-09$

9003, 3.20402g-091

502. $.972066-09$

1000, 2.171496-09$

1030. $.169116-091

1035, 1.919036-09$

9001. 1.094066-091

9002. 3.575916-0|$

9003, 2.260211-00S

502, 2.631686-09$

$000. 7.491676-091

8030, 2.901926-090

1030, 1.29e3|E-091

9001, 1.1|0966-091

_002. 3.207686-01$

9003, 1.912406-08$

502. 3.101556-09$

1000, 1,474036-01$

8030, 1.219666-09$

9001, 1.559316-09$

9002, 2.953466-081

9003. 1.493316-09$

502. 2.477236-09S

8000, 2.520786-001

1003. 2.660346-091

9001, 1.773926-090

9002. 3.0007lE-011

9003. $.I00416-010

502. 2.09341_-095

1000. 2.67947_-01$

1003. $.5494$E-081

8010, 1.031|76-091

9001, 2.036836-091

9002. 3.393016-00$

9003, 5.655366-09$

1000, 1.174646-0|$

8005. 5.63946Z-08$

4010, 4.72935_-09S

0020, 1.129666-091

9001. 2.302246-095

9002, 2.03567¢-01S

502. 9.212996-095

1000. 2.702076-09$

1005, 6.579496-01$

1010. 2.853616-081

8020° 4.495106-095

8025. 9.83291E-10$

9001, 2.449196-09$

9002° 1.00164E-091

500, 1.433916-091

502, 1.466246-091

6001, 2.66998_-091

6011. 3.422016-093

6021. 2._3880E-095

6030. 1.43920E-090

6040. 3.203396-09$

6050. 3.31172[-09S

6060. 1.619326-095

60T0, 1.12064E-091

9000. 1.529316-09$

9001, 2.92093£-0|$

9002° 3.11231E-08S

9003. 1.751646-093

500. 1.02505_-095

502. $.96836E-091
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_J

_08S2,

_0553,

_0854,

- 10555°

LO$SE,
10057o

LO|S|,

- 108S9,

- 10050,

- 108E1,

10862,

10113,

10064.

10|65.

LOlt6.

- 1066_,

100E0,

10|69,

10070,

10|71,

- 10872.

- 10173.

10174,
10176,

10|76o

- 10|??.

- 10170.

- 10179.

- 10110.

10181,

10882,

- 10813,

- 10884,

10815.

- IOlll,

- 10117.

IOlll,

10119,

10690,

lOiS1,

10192.
10693.

I0|94,

- 10895,

10896,

10697,

- 10998,

- io,_.
10900.

10901,

- 10902.

10903

10904

I0905

10906

10907

10901

10909

10910

10911

10912

10913

10914

10915

10916

10917

1091|o

10919°

I0920.

10921,

10922,

10923.

10924.

10925,

10926.

10927o

10928.

10929,

10930.

10931o

10932,

;0933,

_934,

10935,

10936.
10937.

10936

10939

10940

10941

10942

10943

i_944

10945

10946

10947

10946

10949

10950

10951

10952.

i0953.

10954,

10955,

10956.

10957,

10951,
10959.

12057,

12057,

12057,

12067°

12057,

12057,

12057,

12057,

12057,

12057.
12051.

12056.

12051,

12051,

12051,

12051,

12050,

12051,

12058,

12051.

12051.

12051.

L2051.

12059.

12059.

12059,

12059,

12059,

12059.

12059,

12059.

12059,

120S9.

12059,

12059.

12060.

12060.

12060.

L2060,

12060,

12060.

12060.

12060.

12060,

12060,

12061,

12061,

12061,

12061.

12061,

12061,

12061.

12061,

12061,

12061,

12061,

12061°

12062,

12062,
12062,

12062,

12062,
12062,

12062.

12062,

12062,

12062.

12062.

12063.

12063,

12063,

12063.

12063.

12064,

12064,

12064,

12064,

12064.

12065.

12065,

12065,

12065,

12065°
12066.

12066.

12066,

12066,
12066,

12067,

12067.

12067.

12067,

12067,

12067,

12066.

12060.

12068.

12068.
1206|,

22068.

12069,

12069.

12069,

12069.

12G69.

12069.

:20?0,
220?0.

6001o

6021,

6030,

6040.

6050,

6060.

9000.

9001,

9002,

9003,
500,

502,

6001,

6011,

6020,

6030,

6040.

60S0,

60_,

9000,

9001,

9002,

9003,
500.

502,

6001.

6010.

6020,

6030,

6040,

6050,

9000,

9001,

9002.

9003,

500,

502.

6010.

6020,

6030,

6040.

9000.

9001.

9002.

9003.

500.

502,

8005,

8010,

6000,

6010.

6020.

6030,

6040,

9000.

9001,

9002.

500.

502.

8005.

8010,

6000,

6010,
6020.

6030,

9000.

9001,

9002,

500,

501.

9000,

9001.

9002,

500,

501.

9000,

9001.

9002,

500.

501.

9000,
9001,

9002,
500.

501,

9000,

9001,

9002,
500,

501,

502,

9000.

9001,

9002,

500,

501,

502.

_000.
9001.

9002,
500,

501,

502,

9000.

9001,

9002.
_000,

9001,

3.48140R-096

2.75919E-096

2.75414R-096

3.46141g-096

1.617766-091
1.200116-091

1.44050Z-091

2.91149B-01S

3.12675R-015

L67106Z-09$

2.34903E-091

2.70806E-09$

3.20194[-091

1.45002E-096

2.13214E-096

3.42302E-09$

2.67242E-095

1.45779E-096

1.00015B-091

1.37_47E-095

3.1693$E-011

3.30421B-0|$

1.623$26-091

3.04579E-091

3.703686-091

2.24795E-09$

1.30137E-09$

3.16795[-09$

3.41685[-095

1.65007[-095

1.144346-091

1.282816-09$

3.26016B-061

3.43424[-085

1.53701[-095

3.96921[-095

5.563|IE-09$

2.679746-091

3.4|910[-091

1.854116-091

1.306|06-09$

1.17807[-095

3.34676[-081

3.51995[-081

1.273206-091

5.23509K-091

5.99144[-095

2.76396[-091

1.33297E-091

1.78417[-09$

3.40765E-091

2.?0929[-096

1.49435[-091

1.02240[-09$

1.107196-09$

3.31338K-0$$

3.2$854B-0|$

6.01041[-091

L.211076-081

5.36770Z-09$

5.84795[-091

3.06142[-091

3.45|89_-095

1.6942|[-098

1.16070E-091

1.024256-091

2.|9342E-061

2.502426-0|$

4.1|062£-09$

2.|9053K-091

2.I22026-0$$

2.956286-0|$

1.089306-09$

5.28593[-095

3.51060K-091

2.041416-0|$

2.95210[-081

L.15106Z-096

6.76104£-09S

4.275316-091

2.169176-08$

2.926996-081

1.502626-09S

8.74477[-09$

5.19772E-09$

2.024696-081

3.000636-08$

1.663716-091

1.142306-081

6.27115E-091

1.02316E-091

1.827156-081

3.04L23E-061

1.82717E-095

1.50221£-05S

741095E-ogs
1.730356-091

1.634716-061

2.0L087E-_85

1.857936-091

1.971446-08$

8.791316-095

3.141006-091

1.431226-085

236@606-08$

1.63632E-09$

6.664226-095

2.306856-095



;0960,

109_1o

10_NJ2°

10963.

10N4,

10915,

10N6,

10_Ni?,

10_.i8,

10N9o

10970,

109T1,

10972,

10573o

10574,

10975,

109?E.

10577o

_0971,
109?9.

10900,

10582°

I0S82,

109|3o

10914.

IoHs.

10916,

10907.

1091e.

10909,

10990.

10991,

10992.

10993.

10994.

109gS.

10994,

10957,

10990.

10999,

11000,

11001,

11002,

11003,

11004,

11005.

11004.

1100?.

11008.

11009.

11010,

11011,

11012,

11013,

11014,

11015,

11016.

11017,

11018.

11015,

11020,

11021.

11022.

11023,

11024,

11025°

11026o

11027,

11028.

11029°

11030.

11031,

11032,

11033,

11034,

11035,

11034

11037

11030

L1039

11040

11041

11042

11043

11044

11045

1104(

11047

11048

;1049.

I1050,

11051,

11052.

11053.

II054,

Ii055,

11054,

LIOS?,

1105|.

L1059,

;1060,

L1061.

LI062,

11063.

;10K4.

11065.

11066.
11067.

120T0,
12070.

12071.

12071,
12071.

12071.

12071,

12071,

12072,

12072.

Z2072,

12072,

12072,

12072,

12072.
12073,

12073°

12073.

120?3,

12073,

12073.

12073.

12074.

120?4,

12074,

120?4.

12074,

12074,

12074,

12075,

12075,

12075,

12075.

12075.

12075,

12074,

12076,

12074,

12074,
L20?S,

120?6,

12076.

12076°

12077,

12077,

12077,

12077,

12077,

12077,

I2077,

IZO??,

12077.

1207|o

12070o

12074,

12071°

1207l,
12071,

12070,

1207|.

12071,

12078,

12079,

12079,

12079°

12079o

12079,

12079o

12079.

12079,

12079.

12000,

12010,

12010.

12010.

12040,

12040°

12010,

12040,

12040,

12041.

12041,

120e1.

12081,

12081,

12081,

12041.

12012.

12012.

12002,

12082°

12042.

12012,

12012.

120|3,

12003.

12003.

120|3.

120|3,

12013.

12013,

12013.
120_3,

12043.

12013.

12054.

12004.

9002, 3.119474-090

9003, 5,31557E-09$

43071, 5.00752E-11$

i000, 6,456744-095

9000, 6.476044*090

9002. 2.2?1?44-09S

9002, 3.07560E-090

9003, 3.040144-095

43071, 4.51241Z-110

500. 9.74111i-100

8000. 1.259¢71-090

90000. t.5G602Z-090

9001, 2.214244-090

9002. 2.724414-000

9003° 1.641714-091

43073, 5,190204-110

500. 1.242444-09$

1000, 1.300134-010

1000, 1.534201-09$

9000, G.3039SE-09$

9001, 2.230024-090

9002. 2.113694-090

500, 1.66974[-090

501, 9.7|4944-10$

|000, 1.707|74-01$

1005. 4.44$SLE-099

9000, 3.900014-09$

9001o 2.16612E-090

9002. 1.4S9944-090

500. 2.106394-098

501, 1.07823E-095

0000, 4.903904-090

400S. 1.405624-0lS

9000, 3.623944-090

9001. 1.974|04-090

430?$. 6.30276_-110

500, 2.141084-090

501, 1.101554-09$

$005, 1.30659E-000

8010, 3.633054-090

1020, 1.574274-09$

9000. 3.091034-090

9001. 1.901914-09$

502, 2.90|204-01$

|000, 1.199690-09$

|005. 2.04000E-0|$

0010, 6.185034-08S

1020. 1.022444-045

8025, 4.971?94-09$

9001, 2.472984-09$

9002, 1.401384-0|$

9003, 3.296924-090

I2085, 9.408431-10$

502. 4.92986¢-08$

503, 1.23605E-098

9005, 2.122024-09$

8010, 1.419174-010

1020o 5.?7223E-090

1025, 7.967764-09$

9001. 1.312134-09$

9002. 1.452404-0|$

9003. 1.876164-09$

500, 9.3944|E-09$

502. 2.650464-08$

1005. 2.32460¢-090
0010, 1.04819_-010

6000, 3.92403E-090

6010, 2.13362E-09$

6020. ;.493114-091

9001, 2.577321-010

9002. 2.443034-010
12006° 8.9T055¢-100

S00° 8.7|313t-095

502, 4.70734_-0l$
8010, 3.557914-09S

6000, 3.724124-09$

6010, 1.704974-090
6020. L.14067¢-090

9001° L.549624-0|$

9002. 1.641944-01$

500. 2.854254-01$

501. ;.091156-01$

502. 7.910404-090

503° 2.269144-090

9000. 1.2909|E-01$

9001o 2.00777_-04$

9002, 1.3908?E-090

;2087. 8.832554-100

500. 3.006814-010

501, 8.01739E-091

502. 2.30361[-00$

503. 2.743611-09S

9000. 6.331064-090

9001, ;.G4308[-0|$

12042. 2.180294-090

500. 4.33004[-09$

501. 9.32061E-095

502, 9.5331|[-09S

503. ;.856134-01$

8005. 2.19440[-090

8010, 6.33559E-090

8020, _.21144K-015

8025. 6.552_2E-09S

9000. _.004214-090

9001, 1.44812E-09$

%003. 3,56111E-095

12011. 9.6257_E-_05

;2042, 4.012?74-090
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11060.

- 11069.

- 11070.

- 11071,

- 11072.

- 11073,

- 11074,

11075.

1107(.

- 11077,

- 11078.

- 11079,

- 11080.
- 110|1.

- 11044

- 11083

11014

- 11013

- 1100(

- 11087

- 11001

° 11085

- 11090

- 11091

- 11092

- 11093

11094

- 11095

11091

11097

11090

11099

11100

11101.
11102

11103

11104

11105

11106

11107

11104

11109

11110

11111

11112

11113

11114

11115

11116

- 11117

11110

11119

11120

11121

- 11122

11123

- 11124

11125

11126

11127

11128

- 11129

1113C

11131

11132

° 11133

11134

11133

1113(

11137

11138

;1139

;1140

11141

;1142

;1143

11144

;1145

;1141

;1147

11148

11149,

- 11150,

11151,

11152,

11153,

11154.

11155.

11156.

11157,

11154,
11159,

11160.

11161,

11162,

11163.

11164,

11165.

11166.

11167.

11164.

11169.

11170,

;1171.

11172,

11173.

;1174.

;1175.

120|4r

12084,

120|4,
12084.

120|4o

12084,

12086,

12006.

12084,

12004,

12014,

43050,

43050,

43030.
43050,

43030,

43010,

43057,

43057,

43057,

43057,

43057,

43057,

430$7,

43057,

43037,

43057,

43057.

43057,

43037°

43064°

43064°

43064,

43064,

43064,

43071,
43071,

43071,

43071,

43071,

43071o

43052,

43052,

43052,

43052.

43052,

43052,

43059.

43059°

43059,

43039,

43059,

43059,

43019.
43059°

43059.

43059.

43059.

43059,

43066°

43066,

43066,

43066,

43066,

43073,

43073,

43073,

43073,

43073.

43073,

43073.

43054°
43054,

43054.

43054°

43054.

43054.

43054,

43061,

43061,

43061.

43061,

43061,

43061,

43061,

43061,

43061,

43061.

43061.

43068,

43068,

43064,

43001,

4306|.

43064,

43075.

43075°

43075,

43075,

43075,

43075,

43075.

12015.

12015,

12045.

;2045.

12_1s.

12o4s.

500,

501.

502,

S03.

100S,

1010,
1015.

9020.

102S.

9000,

9003,

S02,

9000,

1030.

9001,

9002.
9003,

500,

S02,

6001.

_011,

6020,

6030,

6040,

6050,

6060,

9000,

9001,

9002°

9003.

SO0,

S01.

9000,

9001,

9002,

501.

1000.

9000.

9001,
9002.

9003,

502,

IO00,

1003,

9001,

9002.

9003.

500,

502.

6001,

6010,

6020,

6030,

6040.

6050,

9000,

9001.
9002.

9003.

500,

SO1.

9000.

9001.

9002.

500,

S01,

IO00.

8005.

9000.

9001,

9002,

502,
IO00.

8005.

1010.

8020,

9001,

9002,

500.

502,

1003,

1010.

6000,

6010.

6020.

6030.

9000.

9001o

9002°

500,

501.

502.

9000°

9001,

_002,

500.

501.

8005.

8010o

8020.

9000,

9001,

502.

503,

8005,

SOLO,

a020,

1025,

4.33314E-09$

1.171071-091
2.456201-006

2,440801-0|S

1.246351-09$

1.|64191-091

3.209$51-091

7,|1947E*095

9.9009SE-09$

5.|2836E-095

5.446|$E-091

1.171911-101

4.158581-101

9.690191-11$

5.00S17t-11$

1.2409|E-09$

6.463531-108

1.016541-11$

1.423691-11$
1.323241-10$

1.337621-11$

5.33271¢-115

1.22_Ni4E-101

1.30654¢-10$

6.11839¢-11:

4.23559¢-11:

5.76024¢-11:

1.04273E-091

1.06_31¢-09J

6.74939¢-IIJ

2.281601-10_

1.53144E-10_

7.56019¢-10

1.14246¢-09

4.04844¢-11

4.22239¢-11

2.489571-10$

2.19321¢-105

1.773051-11$

1.16431¢-105

9.23564¢-115

1.10743¢-105
1.04214¢-09$

1.|6864¢-10$

7.813071-111

1.135301-09$

3.35274¢-105

1.34069¢-10$

1.697171-10$

6.031721-111

1.00313E-111

1.31481¢-105

1.23145¢-101

5.53411£-11$

3.10120E-11$

5.14392¢-115
1.26568¢-095

1.33221¢-091

6.15755¢-115

3.79464E-10S

2,27180¢-101

7.39350¢-10$

1.13593¢-091

7.291501-111

5.600021-115

6.40833¢-115

5.45555B-10$

1.06644¢-101

2.26321¢-105

|.901721-11$

1.52099¢-115

4.52992E-11$
2.02742¢-10$

2.82646E-09S

3.68262¢-I0$

8.0$731¢-11_

9.64304¢-11_
4.73689E-10_

2.29735E-10J

2.80443E-10_

1.89953¢-10:

9.34115¢-11

9.62354¢-Ii:

1.348771-I0

7.073461-II$

5.020011-II$

4.346091-111

1.23320E-09$

1.15113E-09$

6.51630E-103

3.12274E-101

8.737151-11$

5.95586E-I05

1.02765E-09$

7.356221-I15

9.|5493[-111

9.94928[-111

6.28097E-i05

6.575911-111

4.30964E-115

;.70016E-I05

7,30222E-L1$

2.59146E-085

1,819131-09S

1.99131Z-09$

3.48122E-095

1.921061-09$

3.29509E-09$
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11176.

i1177,

iii?|o

1117%o

11110.

11101°

11182,
11113.

11184.

11105.

11186.

11187.

11108,

1110%o

11190,

11191,

11192,

11103,

11194,

1110$o

11156°

111%7,

1119|.

11199,

11200.

11201.

11202.

11203.

11204.

11205,

11206.

11207.

11201.

11209.

11210°

11211.

11212.

11213

11214

11215

11216

11217

11210

11219

11220

11221

112_=

11223

11224

11225

11226

11227

11228

11225

11230

11231

11232

11233.

11234,

11235,

11236°

11237o

11230°

11239.

11240.

11241

11242

11243

11244

11245

11244

11247

11248

11245

11250

11251

11252
11253

11254

1125S,

I1254

11253

11255

11259

1124C

11261

11242

11263.

11264

11265

;1266

11267

L1260

11269

11270

11271

11272

11273

11274

I1275

11276

11277

11271

11279,

11240.

11281.

11282.

11283.

L201S,

12085.

12095.

12011.

12086.

12081.
12081°

12084,

12006,

120|6°

1201t,

12047°

12087,

1201?,

12007,

12007,

12080.

1200l.

120i8,

12018,

12008,

120i4,

12011.

120ll.

12048,

120ll,

12041.

12041,

12041.
12041,

12041,

12041,

12041°

12041,

12042.

12042,

12042°

12042°

12042.

12042,

12042,

12042,

12042,

12043.

12043.

12043,

L2043.

L2044,

L2044,

12044,

12044,

12044,

500.

500,

500,

500.

S00.

500.

500.

500,

501o

501,

501.

501.

501.

501.

501,

501,

501.

501.

501.

501.

502,

502.

502.

502.

502.
502,

502,

502,

502.

503.

503.

503.

50J.

503.

503.

0000.

0000.

0000.

0005.

8005,

8o05,

0005,

6005.

0010.

0010,

6015.

0015.

0020.

0020.

0025,

6025,

0030,
0030.

6030.

$030.

8035,

6000, 8.35014|-10|
%002. 1.796040-09$

9003, 1.04444_-095

500, 1.97123K-095

502, 1.87496E-0|$

i010. 1.544|6K-095

6000, 2.92049K-095

6010, 1.384204-095

6020. 1.00H1Z-095

%001° 2.&02224-095

9002. 2.153130-091

500, 1.15(_39K-09l

501. 1.57174E-095

502, 1.84?140-088

6000. |.23952K-105

9001, 1.322094-098

12042. 3.141294-095

500, 1.021824-098

501, 1.6410_-095

502, 2.042844-008

503. 4.31?434-058

8005, 1.227354-095

8010o 8.$514SE-105

8015. 1.??II2E-09$
8020, 3.204141-05l

8025, 4.891$21-095

502, 1.894514-09$

503, 2.54178_-098

0005, 1.990054-09$

8015, 3.479794-095

8020. 1.927S14-095

8025, 3.25470K-055

%002. 1.057034-095

%003. 1.511434-09$

500, 1.661?14-095

501, 1.024004-09$

502, 6.3193tE-09$

503° 2.00238E-0|$

8005. 1.227304-098

0010. 1.7768&E-095

0015, 1.6SSi2E-laS
1020, 3,205144-095

8025, 4,091504-095

500, 1.541544-095

501, 8.121014-05$

503. 1.|42520-08$
9000, 1.04700Z-09$

501, 1.8404|E-095
503, 1.858194-08$

0015, 1.542264-095

9000, 1.803420-09$

9003, 1.9472?E-09$

8010o 2.415244-085

0015, 1.14710E-01S

8020° 1.467414-04$

1025, 1.07081E-088

6000. 0.029424-015

5010. 3.008944-08S
6020, 2.905434-00$

6030. 2.643774-08$

0010. 1.15112E-08$

0015. 2.40208E-0i$

0020. 1.444954-08$

0025. 1.076014-01$

6000. 1.814720-085

6010. 1.475720-040

6020, 1.821901-085

6030, 1.8}917_-085

6040. 1.58799_-08$

6050. 151|674-0|$

6060. 1.424|14-00$

6070, 1.320954-085

8000, 9.305774-09S

8005. 1.802524-005

8010. 2.770574-00$

1015. 1.00815E-085

0020. 8.26989E-095

0025. 2.40418E-085

6000. 1.14475E-075

6010, 4.02905E-085

6030. 9.114794-095

4000° 9,30453_-095

8005, 1.170744-085

8010. 1.008020-085

8015. 2.763000-04$

8020, 8.220044-095

8025, 2.400454-085

8030, 2.467654-09$

9000, 3.355464-085

9001, 3.308044-08$

8010. 2.94745E-095

0015. 2.96161E-095

8020. 3.36514E-095

9000, 5.71254E-085

_001, 5.026_9£-085

9000, 1.1_7024-08$

9001o 4.6£787E-085

9000, 4.56805E-055

9001, 1.189364-085

9000. 1.19911£-08S

9001. _237124-085

9000, 9,02111_-09S

_001, 9.27200Z-09S

9000, 4.030_3Z-095

%001, 3.61713E-095

9002. 1.39615E-09S

9003, 1.29842E-095

9000, 2.103624-095
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11284

11285

2125E

12287

11288

112|$

21290

12291

11292

11293

11294
11266

11290

11297

1129|

11299

11300

11301

11302

11303

11304

11305

- 11306

- 11307

- 1130|

- 11306

- 11310

- 11311

- 11312

- 11313

- 11314

- 11315

- 11316

- 11317

- 11318

- 11315

- 11320

11321

11322

11323

11324

11325

- 1132|

- 11327

- 1132|

11325

11330

11331

11332

113_.
11334.

11334.

11336o

11337.

1133|.

11339.

11340.

11341.

11342.

11343°

11344.

11345.

11346.

11347,

11346,

11349.

11350.

11351.

I13$2,

11353.

11354.

11355.

11350o
11357.

11354.

11359o

11360.

11361,
11362

11363

11364

11365

11366

11307

L136|

11369

11370

11371

11372

11373

11374

11375

11376

11377

11376

113_9

113|0

11341

11302

L1303

L1304

11305

I1314

11387

113||

11349

11390

11391

0035_

0035.

0035°

8000.

6000.

6000,

8000,

8001,

6001,

EO01,

6001,

6001,

6010,

6010.

E010,

6010,

6011.

6011o

6011,

6011,

6011,

6020,

6020.

6020.

6020,

6021.

6021°

6021,

6021.

6021.

6030,

6030,

6030,

6030.

6031.

6031.

6031.

6031.

8031,

6040,

6040,

6040.

6040.

6041.

6041,

6041,

6041,

6041,

6050,

6030,

6050

6050

6051

6041

6051

6051

6051

6060

6060

6060,

6060

6061

6061

6061.

6061,

6061,

6070,

6070,

6070,

6070,

6071,

6071,

6071,

6071,

6071°

6060,

6060.

6040,

6080,
6011,

6011.
6061,

6061.

6081.

6090,

6090,

6090°
6090,

1001,

1002.

1003.

1004,

1005,

1006,

1007.

i00|,

1009,

1010.

1011,

1012.

1013,

1014.

1015.

1016,

1017.

1016.

10_9.

1020.

9001,
9002,

9003,

9000,

9001,

9002,

9003°

6010.

9000°

9001,

9002,

9003,

9000.

9001.

9003,

9003,

6030,

9000,

9001.

9002.

9003,

9000,

9001.

9002.

9003.

6030,

9000,

9001,

9003,

9003.

9000,

9001,

9002,

9003,

6040,

9000,

9001o

9002,

9003.

9000,

9001o

9002,

9003,

6050.

9000,

9001,

9002.

9003

9000

9001

9002

9003

6060

9000

9001

9002

9003.
9000

9001

9002

9003

8070

9000

9001

9002

9003

9000

9001

9002

9003.

6080.

9000,

9001.

9002.

9003,

9000.

9001.

9002.

9003,

8090.

9000,

9001.

9003.

9003,

9000,

9001,

9002,

9003.

9999,

9999,

9999,

9999,

9999.

9999.

9999.

9999,

9999.

9999,

9999,

9999,

9999,

9999,

9999,

9999.

9999,

9999.

9999,

9999,

1.611480°096

1.013620-09$

9.647300-106

4.83340E-0|6

5.228466-076

5.017470-076

3.61180E-088

4.31267_-078

1.15264E-0|$

4.727136-065

4.18016E*08$

1.223606-061

6.747726-010

2.7£6076-076

2.65624g-07$

7._67091-06

4.31256E-07

1.412940-06

4.73913E-0|

4.761660-06

1.570330-0|

8.260576-08

2.77710E-07

2.766996-07

9.256616-01

4.31254E-07

1.612360-06

4.691526-08

4.89143E-06

1.623730-00

9.476266-08

2.754610-07

2.754170-07

1.072300-07

4,31247E-07:

1.766706-01_

4.61847E-06J

4.611396-01J

2. 012266-08J

L. 039|40-07:

2. 71634E-07:

2. 716066-07J

1.11444E-07_

4.312460-07J

1.860610-00J

4.367406-00_

4.567296-06_

2.129116-06_

1.09571R-07_

2.689110-07_

2.669010-07_

1.2$3661-07_

4.312446-07_

2.07774E-01

4.36S426-06

4.315316-01

2.36032E-01$

1.223760-076

2.562926-076

2.362906-076
1.364300-076

4.31243R-07$

2.241170-066

4.270221-0e$

4o270211-08S

2.501060-006

1.320026-07$

2.515100-075

Z.51510E-076

1.473096-075

4.312410-076

2.331876-016

4.241196-089

4.24119[-086

2.666006-011

1.377560-076

2.302130-07$

2.302120-076

1.570286-07$

4.31240R-076

2.50525E-08$

4.202606-08$

4.224706-080

2.747130-06$

1.47556_-076

2.475270-076

2.4||296-076

1.610020-07$

3.871746-075

3.895780-07$

4.11010[-075

4.250640-07$

1.064720-076

2.26281¢-076

2.47121[-075

2.57433[-07S

6.47594£-046

7.485100-086

1.11414E-076

1.017600-07$

1.46|630-0_$

2.26403E-07$

2.445010-075

2.527150-076

5.51726[-075

3.6?649[-075

4.554470-07$

3.87916E-07$
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- 11392.

- i1353,

- 11394,

- 11395.

11396,

- 11397,

L1390,

11399,

11400,

L1401,

L1402,

11403,

11404,

11405.

11401.

11407o

11408,

11409.

11410.

11411.

11412,

11413,

11414,

11415,

11416.

- 11417,

- 11418,

- 11419,

- 11420,

- 11421,

- 11422,

- 11423,

- 11424,

- L1425.

- 11425.

- 11427,

- 11421.

- 11429.

- 11430,

- 11431°

- 11432,

- 11433,

- 11434,

- 11436o

- 11436.

11437,

11438,

- 11439,

- 11440,

- 11441,

11442,

- 11443,

11444,

- 11445.

11446.

- 11447,

11441.

11449,

11450.

11451,

11452,

11453,

11454,

11455,

11456,

11457,

11451°

11459,

I1460,

11461,

11462.

11463,

11464.

11465°
i1466,

11467.

I1468.

11469,

11470,

11471°

11472.

11473.

11474.

11475.

11476,

- 11477°

11471,

L1479.

ll410,

114|1,

11482,

11483°

11484°

- 11415,

11486.

I1487.

11488.

114|9,

_1490.

11491.

11492,
L1493.

11494.
$1495.

11496.

11497.

I149|.
11499.

1021,

1022,

1023,

1024,

1025,

L02S,

1027,

1021,

1029.

1030,

1031.

1032o

1033.
1034,

103$,

1036.

1037,

12001.

12002.

12003,

12004,

12005,

12006,

L2007,

12006.

12009°

12010°

12011,

12012,

12013,

12014.

12015.

12016.

12017,

12011,

12019,

12020.

12021,

12022°

12023.

12024.

12025,

12026.

12027,

12028,

12029.

12030°

12031.

12032,

12033,

12034,

1Z035,

12036.

12037,

12038°

12039.

12040.

43006,

43013°

43020.

43027.

43004,

43015,

43022,

43029,

43010.

4301_.

43024.

43031°

12045.

12046.

12047.

12049.

12049.

12050.

12051.

_2052,

_20$3,

12054.

12055,

12056.

12057,

12058.

12059,

12040,

12061°

12062°

12063.

12064°

12065.

12066,

12067.

12066.

12069.

12070.

1207l,

12072.
12073.

12074.

12075°

12076°

12077.

_207|.

120_9,

L20eO.

12011,

12082.

12083.

9999. 1.821106-07$

9999, 1.57330E-07$

9999% 1.712306-079

9t99. 1.?11016-079

9999, 3.610076-07S
9999° 3.31466R-071

9999, 3.4664$E-0?S

9999. 3.499111-07l

9999. 2.044761-07$

9999° 1.4?3141-079

9999, 2,044756-07$

9999. 2.0118$E-07$

9999. 3.165466-089

9999, S.12969E-016

99_J), 1.01091E-0?$

999_. $.470051-019

9999, 3.19133K-011

9999, 1.6S?$9I-OII

9999, 4.Z21276-0|$

99MI, 8.?22251-081

$999, 9.11438E-Oll

9999, 1.04109K-07$

9999. 1.03$756-07$

9999. 1.043366-071

9999, 9.55326_-068

9999° 4,0SH7_-019

9999, 6.41439B-01$

9999. 4.019666-019

9999° 3.39110E-08S

9999, 2.79366K-089

9999° 2.93201K-0|8

9999, 2.449231-089

9999, 1.92401£-045

9999, 2.23314E-0|$

99t9, 2,61HSE-091
99qF). 1.132946-07$

9999, 1.12200E-07$

9999, 1.093566-079

9999, 1.07065_-079

9999, 1.047266-079

9999, 1.03$26E-075

9999, 1.030126-075
9999, I.L$?IOE-0?$

9999, 1.16320E-07$

9999° 1.151366-0?$
%999. 1.143426-079

99_, 1.119656-071

9999. 1.111206-07$

9999. 1.07672E-071

9999. 4.311366-069

9999. 4._30966-09S

9999. 3.3|6386-0|$

9999. 7.01036E-0|$

9999. 1.18102E-0_$

9999, 1.242996-079
9999. 1.144376-079

9999. 1.219206-079

9999° 3.89466E-099

9999. 1.160646-09$

9999. 4.235706-099

9999, 4.66371E-0$$

9999, 3.51601E-099

9999, |.24931E-109

9999° 4.03099_-09S

9199. 4.371|7R-09$

9599. 2.09001E-09$

9991. 4.1|0656-10$
9tt9, 3.8?660E-09$

9999. 4,23041E-09$

9999. 4.26S436-0|S

9999. |.229$46-0|$

9999. |.359736-089

9999, 4.205746-0|$

9999. 1.Q2390E-079

9999. 1.01737R-0?$

9999. 1.015756-079

9999, 9.290736-089

9999. ?.77609E-01$

9999. 4.37379[-0l$

9999. 3.79124[-069

9999° 1.01532E-079
9999. 1.024436-079

9999. 9.95482E-0|$

9999. 9.$4763E-0|$

9999. 9.596636-0|$

9999. 9.436006-08S

9999, 9.19944B-QO$

9999° 1.115446-079

9999. 1.10373_-079

9999, 1.046086-079

9999. 1.044476-079

9999. 1.011936-075

99_. 1.006186-079

9999. 1.00329E-079

9999, 3.37103E-09$

9999, 2.79330E-06$

9999, 2.937206-049

9999. 2.462536-0|$

9999. 1.92435Z-009

9999, 2.232636-0|$

9999, 2.61|526-0|5

9999. 4.031_5K-08S

%999. 8.565246-0aS

9999. 1.012576-0_5

9999. 1.105206-0_$

9999, 1.156016-075

9999. 1.22780E-0_$

9999, ).391056-04$
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- 11900, 12084o 9959° ?.01169_-0|$

11501, 43050, 9999. 3.?|44|Z-099

11502. 43057, 9999, 4.199444-099

11503, 43094, 9999. 4.134059-099

11504, 43071, 9999, 1.192954-099

- 11505, 430S2. 9999, 3.401894-099

" 1190S, 43059, 9929, 3.731F43E-O$$

- 11507, 43044, 9999, 3.91710E-099

1190|, 43073. 9999, 8.241104-L09

11509° 43054, 9999, 1-983334-09$

11510. 43041, 9999, 3.411124-099

11511, 4]044. 99_). 3.772344-099

- 11512. 43075, 9999, |-178134-10$

- 11913o 12045. 9999, 9.314254-089

" 11514, 120|$, 9999, 1.10239m-079

- 1191$, 12087, 9999. l. OSnll-O?$

- 11514. 12044° 9999. ?.?04424-088
11917, 12041, 9999, 9.53574_-088

llSl|, 12042. 9999. 7.71229E-0|$

11519, 12043, 9999. 1.0$094|-079

- 11520, 12044, 9999. 1-183741-079

- 11521. 500, 9999° 4.44032B-069
- 11522. 501. 9999. 4.480114-048

- 11523, 502. 9999° 6-34$11_-044

- 11524, 503. 9999, 4.$23744-04$

11525, 1000. 9999, 1.243304-079

11524. 8005, 9999. 3.25874Z-079

- 11527, I010, 99_). 1.$42924-079

- 11528. 8015. 9999. 1.454108-079

" 11525. 1020, 9959. 1.04383_-07$

* 11530° 102S, 9999, 9.49144E-099

- 11531, 1030, 9999, 3.07997E-089

11532, 4035, 9999, 1-01002Z-088

11$33, 4000. 9999, 2.1?024E-079

11534, 4001, 9999. 9-69449B-07$

- 11935, 6010. 9999, 3.022014-079

- 11934° 6011. 9999, 9.733S44-079

- I1937, 4020. 9999, ]*01960E*079

- 11S38. 6021, 9999, 9.747924-0?$

11539. 4030, 9992. 2.116454-079

11540, 4031, 9999, 9.|94424-079

11541° 4040, 9999, 3.111214-079

- 11542, 6041o 9999. 9.948244-079

- 11543, 4050, 9999, 3.02520E-075

11544° 6051, 9999, 9.97454E-075

11549o 4040, 9999. 3.011714-075

11544, 4041, 9999, 9.98594_-07$

11547° 6070. 9999. 3.070214-079

11546, 6071, 9999. 1.00000E-045

11549. 6060, 9999, 3.15305E-079

- 11550, 4061. 9999, 9.994444-079

* 119S1, 6090. 9999. 3.12194_-079

* 11552, 6091. 9999, 1.444414-049

- 115$3. 9000° 9999° 4.347424-039

11554, 9001, 9999, 4.34444_-039

11555. 9002, 9999, 4.34529E-035

11554. 9003, 9999, 4.347914-039

HEAT RATE ARRAYS FOR EACH SURFACE

15 ?Z/.IR ARP,A¥

0.00000[_00. L.00000E÷00° 2.00000_+00. ].00000E_00.

5.00000Z+00, 6.000001_00, ?.000004+00. 8.00000E_00.

L.00000E+01, 1-1000DE+01, 1.20000E+01, 1.30000E+01,

1.50000_+01, 1-60000E+0l. 1.?0000E+01. i.a0000E_01,
2.00000E÷01, 2.10000_÷01, Z.Z0000Z+01. 2.30000[+01ENDS

25 :_AT P_TE ARRAy FOR MCOE 1001

0.00000[_00. 0.0000OZ÷O0. 0.00000_+00. 0.00000E+O0.

_.00000E+00. 1.091214-01. 1.701244+01, 2.144696+01.

_-89202E+01. 3.253806_01. 3.43434_+01. 2.774226*0[,

L-II9756_O1. 1.256046+01, 9*105026_00, 1.09|21E-01,

'J-00000E_00o 0.000006+00, 0.00000E+00, 0.00000E+00_N0$

35 HEAT PATE ._qRAy fOR NODE 1002

0.00000E_00. 0.00000E_O0, 0.00000Z*00. 0.00000E*00.

3.00000E+00, 1.09450E-01° 1.|932lE+01. 2.82457E+01,

2.||799E÷01o 3.29014_+01° 3.44543E_01, 2.96201E*0i,

L.97013E+01, 1.254156+O1. 1.4741|E+00, _.096526-01,

0-000006+00, 0.00000E+O0. 0.000006+00. 0.00000E_O0,F_0$

45 HT_,T _lkT_ _qRAy fOR _(X)_ i003

0.00000E÷OO, O.00000E+O0. 0.00000E+00. 0.00000E*00,

0.00000E*00. 1.09134_-01, 1.45769E+01, 2.71059[÷01.

2.658226+01o 3.04|51£_01, 3.206826_01o 2.82384E+01,

1.854216÷01, 1.154034901° ?.952046+00. 1.036246-0L,
0.000OOZ+00, 0.0000OZ+00° 0.00000_O0. 0.00000E+00

55 HF.._T RATE A.qNAy FOR NODE 1004

_.00000E+00, 0.00000E+00° 0.00000[+00. 0.00000E_O0,
_.00000E-00. 1.0ff_91_-01. 1.633544+01, Z.6334?E+0_

2.89332_+01o 3.02972_+01. 2.727056+0L,2:50221E+01.

??12SE+01, 1.08495£_01, 1.74399E*00, 1.088046-0I.

0.00000E+00, 0.00000E+O0. 0.0000OE+00. 0.00000E+_0._H05

6$ HEAT RATE ARRAy FOR N_OE 1005

0-00000E+00, 0.00000_+00. 0.00000E+00. 0,00000E+O0. _,00000E+00

0-00000E*00. 4-33517E-03. 1-69929E+00. 5.29870E+00, 8.?793IE_00

_.12447_e01. 1._0290E+01. 2.0898BE+01, 4 81359E*01. 5._[I366*0L

4.77_446+01. 1-064166+01. L.068766+01. :.554026-_, 3 _000_*00

O.O0000E*O0, O.O0000E+O0° 0-000006+00 _.O050CE*O0. _COOOE+O0_ND$

7S HEAT RATE ARRAy FOR _COE 1006

_.00000E+O0o 0._000OE+00, 0.00000E+O0. 0.300_E+03, _ _00C3E*00

0.O0000E*00, ]*65623E-0_, 1.41112E+00. $.B048L£-00. 9.862866_00

4.000006+00

9-00000£+O0

L.4000OE+01

1-900006+01

2.40000[+0!

0.00000[+00

3.151946+01

2-13386E+01

0.00000E+O0

0-00000E+00

0.00000E+00

3-154036+01

2.3708OE+01

0.000006+00

O.O0000E+O0

O.000OOE+O0

2,96614E+01

2-30521£+01

3-000006+O0

0.00000E+00

0,000006+00

2.B39136+01

2.25768E+O1

O.O0000E+O0

3.300006+00
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1.27903Z+01, 1.$21|1Z+01, 2.|4722E+01, $.29049[+01. S.87072E+01

4.$E?SIE+01, 1.24113E+01. 9.24ESSE+00o 1.36053E-01, 0.00000R+00

O.000O0E÷OO, 0.00000E÷OO, 0.00000E+00, 0.O0000E+0O. 0.Q0000E+00

_ND$
88 HEAT RA'I"I AJUqAY TON _[ 1007

O.O0000E+O0, 0.00000E*OOo 0.00000E+0_v 0.00O00t+O0, 0.00000E÷O0

0.00O00E+00. 3.2TESS[-03, 2.01575E÷00° 6.41471E+00, L.10979[÷01

L.47101E÷01. 2.0£401E+01, 3.10907E÷01, 5.SEE0SE+01, 6.09170E+01

S.0111|E+01. 1.ITS?S[+01, 1.09G30E÷01, 1.3S5E41-01, O.00000E÷O0

0.00000R÷O0. 0.00000E÷O0, O.00000E÷00. 0.00000Z+00, 0.00000E÷00

_ND8

95 I'_AT RAI'X ARRAY 'POR ltOOI 1000

0.00000R+00, 0.00000E+O0. 0.00000E÷O0, 0,00000R+00. 0.00000_+00

0.00000E÷00. 3.0746t_-03, Z.I$11?R+O0. 6.93417[+00, 1.19094E+01

1.SS029_+01, 2.37000K+01, 3.76464E+01. S.74230E+01. S.24271E+01

S.10770R+01. 1.23141K÷01. 1.11101E+01° L.215?$E-01, 0.00000Z+00

0.00000E+00. 0.00000B+00, 0.000001÷00. 0.00000R+00, 0.00000Z+00

LqO$
10$ I_.J_7 RATE A.q.qAY FOR NOOI 1009

0.000001÷00. 0,00000K÷00. 0.000001+00, 0.00000Z+00, 0.00000E+00

0,00000E+00o 6.391421-02, 1.31900K+01. 3.20319E+01. 2.77370E+01

1.2lS$1E+01, 4.$IE?SK+O0, $.07943Z+00, 4.47910E+00. 1.26706E+01

2.71993E+01. 3.16901E+01. $.60EI2Z+00. 6o37110E-02, 0.00000E+00

0.00000E÷00, 0.00000E+O0, 0.00000R+00. 0.00000E+00, 0.00000E+00

F,.qO$
110 _.J_T I_,'i'_ ARRAY for NGOE 1010

0.00000R÷00, 0.00000E+00, 0.00000E÷00. 0.000001+00, 0.00000E+00

0.00000E+00. 6.394G'rE-02, 1.37533E÷01o 3.2_$0tE+01. 3.10720E+01

2.60626_+01o 1.22120E+01. 6.$0313E+00. 1.21121E+01, 2.10079E+01

3.S0237E+01. 3.0132_B+01, $.39070E+00o S.93212E-02, 0.00000E+00

0.00000g+00. 0.00000m+00, 0.00000E÷00o 0.00000g+00, 0.00000E+00

2_D$

120 H_.,AT RATZ _qAY FOR NOD! 1011

0.00000K+O0. 0.000001+00, 0.00000E+00. 0.00000E+00. 0.00000R+00

0.00000E+00, 6.31040R-02. 1.38923Z+01. 3.31113g÷01, 4.47329E+01

3.GS617R+01, 2.33616E+01, 1.10174E+01, 2.33552_+01, 3.65405E+01

4.47184E+01o 3.29955E+01o 5.17324E+00. $.534EOR-02, 0.00000E+00

0.00000E+00. 0.00000E+00, 0.00000E+00, 0.00000E+00, 0.00000E+00

ENOS

135 HEAT R.q.I'E A.qRAY FOR NODE 1012
0.00000E+00, 0.00000E+00, 0.00000Z+00, 0.00000E+00. 0.00000E+00

0.00000E÷00, 6.25630E-02, 1.422?3_+01, 3.43061E+01. 5.03447[+01

$.047EOE+01, 4.09E91E+01. ].lSE47R+01, 4.09551E+01. 5.04446[+01

$.03239[+01, 3,263SEE+O1. 6.$9534[+00. 5.09321E-02. 0.00000[+00

0.00000E+00. 0.00000E+00. 0.00000E+00. 0.00000[+00, 0.00000E÷00

ENDS
145 HEAT RAT'_ A.qI_Y FOR _E 1013

0.00000E÷00. 0.00000E+00, 0.00000_+00. 0.00000E+00. 0.00000E+00

0.00000R+00. [.51656E-01o 2.$I114E+01, 4.IG092E+01, 4.16321E+01

5,93E57_+01, 5.0t$95E+01o 2.00129E+01, 1.27131E+01, 8.$6144E+00

7.$3520_+00. 4.900_+00. 1.6_459E+00, 4.27799f,-03. 0.00000_+00

0.00000_+00, 0.00000E+00. 0.00000E+00, 0.00000R+00, 0.00000E+00

2ND$

155 HF.._T RA"_ A.,'RRA¥ FOR NODE L014

0.00000_+00. 0.00000_+00, 0.00000_+00. 0.00000[+00° 0.00000E+00
0.00000E+00° 1.54971_-01o 2.560E_E+01, 4.89159E+01, 4.g4292E+01

6.02660[÷01. 5.46670_+01, 2.$4656R+01. 1.50536E÷01, L.I065|[+01

|.$2620E+00° 5.$E422_+00° 1.7029_+00. 3.55eE6E-03. 0.00000[+00

0.00000_+00, 0.00000[+00° 0.00000E+00. 0.00000[+00. 0.00000[+00

ENDS

16$ H.EAT RATE ARRAY FOR NOO[ 1015
0.00000[+00. 0.00000E+00. 0.00000[+00. 0.00000E+00. 0.00000E+00

0.00000E+00. 1.54002E-01, 2.59595[+01, 4.$7994E+01 5.09505R+01

6.23342E+01. 5.73309E+01. 3.64749E+01, 2.05638[+01, L,38886[+01

L.0E041E+01° 6.47031[+00° 2.0430E_+00, 3.258002-03. 0.00000E+00

0.00000_+00. 0.00000E+00, 0.00000E+00, 0.00000E+00, 0.00000E+00

ENDS

LT$ HEAT RAT_ ARRAY FOR NGOE _016

0.00000_+00, 0.00000_+00, 0.00000E+00, 0.00000[+00. 0.00000[+00

0.00000E+00. 1.54704[-01. 2.G176SE+01, 5.04371E+01, 5.20512[+01

6.37790E+01, 5.196112+01, 3.13210[+01. 2.4249_[+01. $.62398[+01

1.1671T[+01, ?.07966K÷00. 2.21994E+00. 3.14623E-03, 0.000002+00

0.00000E÷00, 0.00000_+00, 0.00000E+00° 0.00000[+00, 0.00000[+00

ENDS
1SS K[AT UTE ARRAY FOR NOD[ 101T

0.00000[+00, 0.00000E+00. 0.00000[+00. 0.00000[+00, 0.000002+00

0.00000[+00. 1.09516E-01, 1.6_2912+01. 2._0395E+01. 2.85169E+01

2.71716[+01. 2.$2741E+01° 3.07279[÷01, 2.82142[+01. 2.55255E÷01

_.82575E+01, L.099EgE+01. |.8_076[+00, 1.09539[-01. 0.00000£÷00

0.00000E+00. 0.00000E+00. 0.00000E÷00, 0.00000£+00. 0.00000E+00

E_D$
198 HEAT RATE A.R.q_Y FOR HOOE 1018

0.00000E+00. 0.00000E+00, 0.00000[+00, 0.00000E+00, 0.00000[+00

0.00000_+00° 2.$6136E-03. 2.20045E+00, 7._I001E+00. $.22202Z+01

1.77591E+01. 2.75210E+01. 4._4775E+01, 6.48_17E+01. ?._5621E+01

5.gT369E+01, 1.37669_+01o 1.90838[+01° 1.565252-01o 0.00000E+00

0.00000E+00. 0.00000_+00, 0.00000E+00° 0.00000[+00. 0.00000[+00

ENDS

20$ HEAT RATE ARRAY FOR NCO[ 1019

0.00000[+00. 0.00000[+00, O.00000E+00. 0.00000_+00, 0.00000E+00

0.00000[÷00. 6.25707[-02, I.$6557[+01. 3._034S[+0_, 5.$65652+01

_.37271E+01. 1.39173[+01. |.79341[+01, 8.390S5E÷0_, _.3_S_12÷01

5._$363[+01, 3.S0462[+0l. 8.12371[+00. 5.27801E-02, 0.00000[+00

0.00000£*00. 0.00000_+00. 0.00000£+00. 0.00000[+_0. 0.00000E+00

ENDS

215 P_..AT RATY. A.qRAY FOR _OOE L020

0.00000_+00. 0.00QO0[+O0. 0.00000_+00o 0.00000E_00. 0.00000E+00

0.00000[+00, I.?0733[-O1. 3.61100[+01, 6.]6548E+01, _.57_75E÷0_

8.05505[+01, _.603112+01. 4.20m18[+01o 2.80262E+01. L.7_010E_01

1.22_172+01. T.24022[+00. 2.25522[+00. 3.03466E-03, 0,00000E+O0

0.000002+00° 0.00000[+00, 0.00000[+00. 0.00000E+00. _.00000E÷O0

ENOS

Z2S HEAT _U_TE ARRAY FOR N(_K 102!

0.00000[+00. 0.00000E+00. 0.00000E+00. 0.00000E*00. _._0000E+00

0.00000_+00. L.0§S6gE-01, L.64757E÷01. _ 68820E°01, _ _7511E+0L

2.75657E÷01. 2.920132+01. 3.06298E+0I. 2_4043E+01. _.6336_E+01

_.03179[÷01, 1.09432E÷01. ].)999_2+00. 1.01989E-0L, :.00000E+'_0

0.00000E+00, 0.00000E+O0, 0.00000E+00, 0.00000E+00, _._0000E.,30
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_ND$

231 HLqT P,A_I_ AJU_¥ FOR NCDZ 1022

0.00000E+00o 0.000001÷00. 0.00000E÷00, 0.00000Z+00,

0.00000E+00. 3.E53281-03, 2.6S987g+00o |.15694E+00,

2.1935EE÷01, 2.$63S5Z+01, 4.43S40t÷01, T.S6553Z+01,
|.374HE+01o 1.137961B+01. 3.152161+0_, 2.32157E-01o

0.00000E÷00o 0.00000E+00, 0.0000Q_+00, 0.00000_+O0,

FJ40$

248 _,A? RAT1B _qP.A¥ _OR 14001 1023

0.00000E+00, 0.00000E+00, 0.00000E÷00, 0.00000_+00,

0.00000g+00, 1.201171B-02. 1.67120E+01, 4.230S4E+01,

|.15705g+01, S.$403_E+01, 1.01065E+02. S.S3903Z÷01,

E.43(62Z+01, 4.230||E+01. 3.74537[+00, 4.77S32Z-02o

0.00000E+00. 0.00000Z+00. 0.000001+00, 0.00000_÷00.

2S$ t'_.qT RATE ARRAy FOR NCOE 1024

0.00000Z+00, 0.00000Z÷00. 0.00000E÷O0. 0.00000Z+O0,

0.00000E÷00. 3.4699|E-01. _.2S130E+01, t.15440g+02o

1.13161Z_02. 7.|2164g÷01, 4.&7?|lB_01, 3.17||_+01.

1.12312E+01, g.4_6&l_+00. 2.g3?GSE÷00, 3.g2_4_-03.

0.00000g÷O0, O.00000E+O0o 0.00000E_00, 0.00000Z+O0,

F,.NO$

265 PILqT RAYZ .qXItAy FOR NODE 1025

0.000001+00. 0.00000E÷O0. 0.00000E+O0, 0.00000Z+00,

0.00000Z÷00, 6.07727E-02, 1.7552|E÷01, 4.79214R+01,

1.05111Z_02, 1.25E0|E+02. 1.32723Z+02. 1.25_06E+02,

?.72792Z_01, 4.2777|E+01, 9.60713E+00. E.07518E-02.

0.00000Z+O0. 0.00000E+00, 0.00000Z÷O0, 0.00000E+O0,

FJCD$

275 RP.AT RATP,, A/I.IIAy fOR k'COE 1026

O.00000Z_O0. 0.00000Z+O0, 0.00000E+O0, 0.00000E÷00,

0.00000E+00, 3.50|93E*03. 2.SlSS|E+00, |.5|100E+00,

1.98225E+01, 3.16763E+01. 6.56173E+01, 1.0920_+02.

_.10365E+02o L.l|S31E+01, 3.30536E+01. 3.50174E-01.

0.00000_+00, 0.00000E+00, 0.00000_+00, 0.00_00E+00.

_ND$

21_ HEAT P,AT_ ARP.A¥ fOR _ODE 1027

0.00000E÷O0, 0.00000Z+O0, 0.00000_+00, 0.00000Z+O0,

0.00000_+00, 1.0_371|-01, 1.75230_+01. 3.0|6)_E+01,

3.105_1E_01, 2.720_1Z+01, 2.54620[+01. 2._9&32_+01,

L.$400_+01. _.05&O2Z+00. _._3|31_÷00, 1.0)39_E-01,

0.00000_÷00. 0.00000Z+00, 0.00000E÷00. 0.00000Z+00.

ENDS

291 HZAT P_qT_ ARRAy FOR NCO_ 1021

0.00000E÷00, 0.00000_+00, 0.00000_+00, 0.00000E_O0.

0.00000E+O0, 3.|2_22g-01, E._I426SE+01. _.29_24E+02.

1.41203E+02. 1.10515_÷02. _.74951E_01, 3.3272_E_01.

1.$3335_+01, |._$84E÷00. 2.74727_+00, _._E-03.

0.00000Z_00o 0,00000_00. 0.00000_÷00, 0.00000E÷00,

305 _,A_ RAT_ ARRAy TOR NCOE I029

0.00000[+00, 0.00000_+00. 0.00000_00. 0.00000_+00,

0.00000E+O0, 5.7_211_-02. 1.||_32_+01, 5.$79S0[_Ot,

1.31_9_E÷02. 1.643|_+02, 1.732_0E_02, L.6435?E+02,

_.941_5E÷01o 1._3453_+01, 1.0118_+01o 4.4|447E-02.

0.00000_+00. 0.00000_+00. 0.00000Z+00. 0.00000_+00,

r,,ND$

315 ItP,_ RAT_ ARRAy for NCO_ 1030

0.00000[_00, 0.00000_+00. 0.00000_÷00, 0.00000_00.

0.00000E+00, 2.31_$?_-03, 1.731SSE_00, 5.?0425_00,

2.$0515_+01, &._$124E+01, 1.1_503E+02, 1.$252_E+02,

1._7854_+02, 5.|3851Z+00o 3.104_?[+01. 2.S_?13Z-01,

0.00000E÷00, 0.00000Z÷00, 0.00000Z÷00. 0.00000Z+00,

Z.q'D$

325 HZAT P,AT_ AN_Ay FOR _COZ 1031

0,00000E+00, 0.00000E+O0, 0.00000Z÷O0, 0.00000_+00,

0.00000E+00, 1.00149E-01, 1.i_113_01. 3.77525E+01.

5.19002E+01. 5._23lt_÷01, 5.$114_01o $.$2315£÷01,

1.37543E+01, 5.23535E+00, 1.01|23[÷0L I.??_IOZ-02,

0.0OO00_+00, 0.00000_+O0. 0.O0000E_O0. 0.00000_+00,
ZND$

335 i1?.,_T RATE ARRAy FOR NCO_ 10_2

0.00000[_00, 0.00000E÷O0o 0.00000£÷00. 0.00000£+00,

0.00000_+00o 3.45274_-01, 6.72101E÷01. 1.342S$Z+02.

_.70115_÷02, 1.51|22_+02, 1.15577£_02. 6.150_|E+01,

1.|2_7_00, $.1244_+00, 1.$_$52_÷00, 2.10415[-03.

0.00000E+00. 0.00000_+00o 0.00000E÷O0. 0.00000Z_00,

ZND$

345 HEAT PRATE ARRAy Lr_R NGO_ 1033

0.00000E+O0. 0.00000_+00. 0.00000_+00, 0.00000_÷00.

0.00000E+00, 3.5_191_-02, 7.51015_00. 1,59GI2K+Ol,

2.1759eE÷01, 2.62615E+01, 2.10114E_01, 2.5230tZ+01,

1.923TTE+0t. 1.45E45E+01, 7.15019[+00, 3.550_i£-02.

0.00000E+00, 0.00000Z÷00, 0.00000Z+00, 0.00000£+00.

[J_O$

355 IIF,.AT RATI_ ARRAY FOR NOD_ _034

0.00000[+00, 0.00000_+00, 0.00000E+00. 0.00000£+00.

0.00000E+00. 1.32131_-02, 4.61147Z+00, 1.4543_[+01,

2.$01%&E+01. 3.47887_÷01, 3.S77t3E+01, 3.31533E+01,

].40SS[E÷01o 1.77135Z+01. 1.1119eZ_01, 1.21525£-02,

0.00000_+00, 0.00000E+00. 0.00000_+00. 0.00000E+00.

_.ND$

3&$ HEAT RATE ARRAY I'X_R HOO_ 1035

0.00000Z÷00, O.O0000E+O0. 0.00000E+00, 0.00000[+00.

0.00000£+00, 7.46594_-02, 1.0_752E+01, 2.34446£+01,

4.55899Z+01, 5.1_342Z+01, S.Sllg0E+01, 4.315S3£_01.

2.|9158[+01, 1.99664_+01, 1.06151Z÷01, ?.46444[-02,

O.O0000E+O0, O.O0000E+O0. 0.00000[+00. O.O0000E+O0.

_ND$

375 H[AT P,A_ A_RAY FOR HOOE 1036

0.00000_+00. 0.00000[+00, 0.00000[+00, 0.00000E*00.

0.00000E÷00. g.21672Z-02. 1.11177_+01. 2.75105£.01,

3.98774E+01. 3.90036E+01. 3._7342E*01, 3.30999£*0_.

1.974_3E+01. 1.27501E÷01, 4.59|99E+00. _.31992_-02,

0.00000E+00. 0.00000E+O0, 0.00000E*00. 0.30000£'00,

_D$

31S H[AT RAT'_ ARRP.Y FOR NOOE _03_

0.00000E+00. 0.00000_+00. 0.00000E_O0, 0.00000[*00.

0.00000Z÷00

1.52574E+01
1.1115_+02

0.00000E+00

0.00000_÷00

0.00000_+00

6.439S1_+01

1.15346E÷01

0.00000_+00

0.00000E÷00

0.00000E+00

1.30531E+02

2.32740_+01

0.00000E+00

0.00000_+00

0.00000E÷00

7.72142E+01

1.05104[+02

0.00000_+00

0.00000_+00

0.00000E+00

_.47707E+01

1.40010E+02

0.00000_+00

0.00000_+00

0.00000E_00

3.44915E÷01

3.07014E+01

0.00000[+00

0.00000[+00

0.00000_+00

t. S0260E÷02

2.07153E+01

0.00000E+00

0.00000[+00

0.00000_+00

_._46_1Z+01

1.3|694Z÷02

0.00000E+00

0.00000Z+00

0.00000_÷00

_.733|2Z÷00

1.71937Z+02

0.00000E+00

0.00000E_00

0.00000_÷00

4.78301E+01

5.19185[÷01

0.00000E_00

0.00000[+00

0.00000E+O0

1.66Y44E÷02

2.40047E_01

0.000O0Z+00

0.00000E*00

O.00OOOE÷O0

2.07109E+01

1.96571Z+01

0.00000E+00

0.00000£+00

0.00000[+00

2.30924[+01

3.2998|E+01

0.00000E+00

0.00000[+00

0.00000[+00

3._8039E+01

3.13373[÷01

O.O0000E÷O0

0.00000E+00

O.O0000E+O0

3._6362E+01

2.30598_+01

O,O0000E+O0

000000_+00

O.O0000E+O0
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0.000008+00, 1.114741-01o 2.$84108÷01, S.181391+01, $.462878÷01

1.080728÷02. 1.23S938÷02. 1.2181SE÷02. 1.23S928+02. L.080788÷02

8.462478÷01, 3.9777_E÷00. 1.224|1R÷00, 1.194968-01o 0.000008÷00

O.00000E÷00. 0.00000E÷00. 0.00000E÷O0, 0.000008+00. 0.000008+00
"--W�S

394 I'IEAT!U,'FI_t,I_yPoRJ_OK 12001

0.00000E÷00. 0.0O0001÷00, 0.000008÷00. 0.00000E÷00, 0.00000E+O0

0.000008÷00, 2.048878-02o 8.03011E÷00, 1.839498÷01, 2.73201E÷01

3.1147|E÷01. 4.$1281_÷01, 4.740971+01, 4.4|1558+01. 3.072T$Z+01

3.874038÷00. 2.24800K÷00. E.8|?008-01° 9.3958_-04. 0.0000OZ+00

0.00000E÷00. 0.000008÷00. 0.000008+00, 0.000008+00, 0.000002÷00
KND$

405 _.ATRATEARRAYrOR _OE 12002

0.000008+00. 0.000008+00, 0.000008+00, 0.00000_÷00, 0.000008÷00

0.00000Z+00, 9.01499B-03, 1.911568÷00, 3.878308÷00, 4.E02208+00

5.54159E÷00. 1.13330*01, 2.45809g÷01, 2.81|818÷01, 4.191818÷00

1.484908+00, 0.891188-01, 2.678158-01° 3.100191-04, 0.000008÷00

0.00000B+O0, 0.00000E+00, 0.00000_÷00. 0.000008÷00, 0.00000E÷00

KND$

41S _AT RATE ARRAY_t N_OK 12003

0.00000E÷00. 0.00000g÷00° 0.00000E÷00. 0.000008÷00, 0.000008+00

0.00000E÷00, 3.41831R-02. E.080308÷00, 1.10961Z+01, 1.20S798+01

1.233|15+01, 1.02||SE÷01. 8.134718÷00o $.122178+00. $.40538E÷00

3.$S0398÷00, 2.256848÷O0. 8.952118-01, 9.4040SE-04. 0.00000E+O0

0.000008+00, 0.000008+00. 0.00000E+00, 0.00000E+00, 0.00000E+00

Z_'D$

425 _.AT_TEN_A¥ [FOR k_OE 12004

0.000005+00, 0.000005+00. 0.00000E+O0. 0.00000E÷00, 0.00000E÷00

0.000008+00o 1.182928-01. 2.174948+01. 4.183458÷01o $.009%08÷01

4._S708÷01, 4.101408+01. 2.|10108+01, L.3STS4Z÷01. 8.247S$E÷00

4.1S?|38÷00, 2.41442Z+00. 7.42492Z-01, 9.916738-04. 0.000008÷00

0.00000E÷00. 0.000008+00o 0.00000Z÷00. 0.000001+00, 0.00000E÷00

FJ_OS

435 _K.ATRATIARRAy FOR_E 12005

0.00000E+00. 0.00000E÷00. 0.00000R+00. 0.00000E÷00, 0.00000E+00

0.00000E+00, 4.05343E-02, 1.0S9S8E÷01, 2.58911Z+01. 3.91933E+01

4.$34848÷01° 5.743028÷01, G.01394Z+01. 5.698208+01, 3.912218+01

1.123118÷01° 6.$21328÷00° 2.013|08÷00, 2.|72508-03, 0.00000E+00

0.00000E+00, 0.00000E÷00, 0.00000E÷00, 0.00000E+00, 0.00000E+00
_qOS

445 I'_..ATRATE ARRAy POR MODE 1200&

0.00000E+00, 0.00000E÷00° 0.00000E+00. 0.00000E+00. 0.00000E+00

0.00000Z+00, 4.03919E-02, 1.03240E+01° 2.49262E÷010 3.?|49iE+01

4.78407_+01, 5.512788+01. S.|54HE÷01, 5.$047SE÷01, 3.7472SZ+01

1.001098÷01. 5.|11578+00, 1.$02028÷00° 2.7|1132-03. 0.00000Z÷00

0.00000_÷00, 0.00000E+00. 0.00000£+00. 0.00000E+00. 0.00000E+00

F,qD$

45S _'47..AT RAT_ARRAyFOR _E 12007

0.0000OE+00° 0.00000E+O0, 0.00000E+00, 0.00000Z÷00, 0.00000E÷00

0.000002÷00, 4.027191-02. _.00|888÷01. 2.419328÷01o 3.656898÷01

4.$94_58+01, S.3S04_E÷01, 5.851318÷01o S.30|082÷01° 2.90485_*01

|._83178+00, 5.093388÷00. L.$139|E÷00. 2.612938-03. 0.00000_+00

0.00000_+00, 0.000008÷00. 0.00000E÷00o 0.00000Z+00, 0.00000E÷O0
ENDS

48$ I-IF.AT RA'ff..ARRAY fOR NODE 1200|

0.00000E÷O0. 0.00000E+00, 0.000008÷00, 0.00000Z+O0. 0.00000E÷O0

0.00000E÷00. 4.050798-02o 9.9_|2SE÷00° 2.379115÷01. 3.5|_988+01

4.4994S_+01, $.297028+01, 5.$34408÷01. S.L�?S|E+01. _.093S22+01
|.099128+00. 4.?04|$E+00, L.4S�?�R÷00. Z.|48338-03. 0.00000E÷00

0.00000E÷O0. 0.00000E+00. 0.00000E÷00, 0.00000[÷00° 0.00000E+00

KND$

479 _._T RATZ ARRAY FOR _¢IE 12009

0.00000E÷00, 0.00000E÷00. 0.00000E+00. 0.000O0E+00. 0.00000E÷0O

0.00000E÷O0, 4,0_1|E-02o 9.92897E+00, 2.38394E+0L 3,$S?38[÷01

4,4S|01E+01, $,19_23E+0lo 5,4|0&lE+O1, 3.83234E÷01. 1,04S&4Z+0t

7.|l|g&E+00, 4.$3749E÷00. L,40847Z÷00, 3,29829E-03. 0.00000[÷00

0,00000E÷00, 0.00000E÷O0. 0.00000E+00, 0.00000E+00, 0.00000Z+00

K_D$

4|$'H,.Y.,AT _t,'IT. ARRAY FOR NCOE 12010

0.00000E÷O0, 0.00000E+00. 0.00000_+00. 0.00000_+00. 0.00000E+00

0.00000E+00. 4.12042_-02. 9.314018+00. 2.1_229[+01, 3.22200Z+01

4.003998+01, 4._8727_+01. 4.927218+01. L.9|344[+01. 5.9S3942+00

4,$0533E+00, 2._0507E+00. |._8853Z-01. 3.51709E-03. 0.00000E÷00

0.00000E_O0, 0.00000g÷00. 0.00000E÷00, 0.00000g_00, 0.00000E÷00

495 HY-._T R_T_ARRAy FOR NODE 12011

0.00000E+00. 0.00000Z+O0. 0.00000E÷00. 0.00000[+00, 0.00000£+00

0.00000E÷00. 4.214902-02, 9.294702÷00, 2.L4716Z_0L, 3.173312+01

3._29438÷01° 4.572522÷01° 4.819188+01, 8.604878+00. 4.547112+00

3.42_998÷00o 2.022238+00, ?.08L338-01, 4.134188-03, 0.00000E+00

O.O0000E÷O0, 0.000005÷00° O.O0000E+O0. 0.00000_00, O,O0000E+O0

ENOS

50S ;'_.AT RATE ARRAyFOR NOOZ 12012

0.000008+00o 0.00000E÷00. 0.000008÷00. 0.00000_+00. 0.000008+00

0.000002+00. 1._79302-02, 3.936698÷00. _.72_|22+00. 1.01295[+01

L_$9708+01, 1.00947E÷01, 1.711468+0L, 2._81928+01o 5.52_18÷00

4.090288+00° 2.420908÷00. ?.$17388-01. L.011&TE-03. 0.000008÷00

O.O0000E+O0, O.O0000E+O0, O.O0000E÷O0. O.O0000E+O0, O.O0000E+O0

_.NDS

5IS 14F_T_TEA.I_RAYFOR NODE 12013

O.O0000E+O0, O.O0000E÷O0. O.O0000E+O0. O.O0000Z+O0. O.O0000E+O0

0.00000_+00, 1.588088-02, 3.17|498+00, 6.59_0_E+00, 808040_00

98|5128+00. 9.18011_+00, 1._60888+01. 2.08819[+01, 4._46948+00

O.O0000Z+O0, O.O0000E+O0. O.O0000E+O0. O.O0000E+O0, 0,_0000[+00
_ND$

525 H.EAT R,ATZARRAy FOR N_OE _2014

O.OO000E+O0, O.O0000E+O0, 0.00000E+00. 000000[+00. O.O0000E+O0

0.00000E+00, _._24S08-02, 2.11774E+00, 6055528+00. _ 291188+00

9.04611E+00, 9.092238÷00. L.602638+01, 2.02710E*05, 4.36762E+00

3.354558÷00, 2.010218+00. 6.289878-01, _.L411_[-03. 0.00000Z+00

0.00000[+00, 0.00000E+O0, 0.000008+00o 0.00000E+O0. _.00000E+00

ENDS

$35 HEAT RA"_A.qRAy FOR NODE 12015

0.00000[+00, 0.00000[+00, O.O0000Z+O0. O.O0000E._O, : O0000E+O0

0,00000E+O0, L.$371SE-02, 2.798_28+00. 5._62368÷00, 6 $49588+00

8.576928+00, 8.$3792[_00. 1.$42118+01, 1469588+0L. ]_75348+00

2._00158+00. L.ILI242+00. 5.698328-01, _.266148-_3, _ _000E'00
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0.00000E*00. 0.00000E+O0, 0.00000E÷00. 0.00000E+00.

ZNO$

$48 I'I_,AT RATI_ A.qJIAy 1nOR _GO| 12016

0.00000E÷00. 0.00000Z+00, 0.00000g÷00, O.00000E+00,

0.00O00E÷O0, 1.$S241_-02, 2.70537E+00, 5.$5413E+00.
?.12|51E_00, ?.E41S0Z+00. 1.40704E+01. 3.?EOS|E+00,

2.37552E_00, 1.4_090m÷00, 4.7343|E-01, 1.40801E-030

0.00000E+00o 0.00000B+00, 0.000001÷00. 0.00000E÷00,

SS$ _T RATR A_RAy FOR HGOE [2017

0.00000E+00, 0.00000_+00, 0.00000E+00, 0.00000Z_00,

0.00000E÷0Q, 1.54334E-02, Z.16DI$Z+00. 5.437332_00o

7.S4809E_00, ?.199S4_+00, 1.33967t÷01o 3.2673_Z÷00,

2.0$0E&E+00, 1.34478E+00, 4.388422-01, 1.36|EN-03,

0.00000Z+0O, 0.00000Z+00, 0.00000g+00, 0.00000Z÷O0,

[ND$

565 HIZAT RATZ ARRAy troR NGOE 22018

0.00000E+00. 0.00000E÷00. 0.00000E÷00o 0.00000E÷00.

0.00000Z+00, 1.$1480E-02. 2.63255E÷00, 5.3?77_+00,

7.49S002÷00. ?.01057Z÷00, 1.30E40E+01, 3.18393g+00,

2.00tgSK+00, 1.34117_÷00, 4.40459E-01, 1.370132-03,

0.00000Z+00. 0.00000Z+00. 0.00000E÷00. 0.00000E+00,

Z/mS

578 I'_,AT R,J41"_ ARRAY FOR NODR 12019

0.00000E+00, 0.00000K÷O0, 0.00000K+00, 0.00000K÷00,

0.00000E*00. ?.00974E-02o 1.060?$K+01, 1.70126K+01.

1.65175E+01, 1.74765K÷01, 1.79625E+01. 1.63327_+01.

1.042|5E+01, 6.29784E+00, 1.96668E+00, 2.65713K-03.

0.00000K÷00, 0.00000E÷O0, 0.00000K+00. 0.00000K+00.

ENg$

SiS _T R,ATZ AIRRAy FOR NOOK 12020

0.00000E÷00o 0.00000K+00, O.O0000K÷O0, O.O00OOK+OO,

0.00000E÷00o 7.00Sl?K-02. 1.0S659K÷01, I.?0013E÷01,

L.65577K+01, 1.75728E+01. 1.10792K÷01, 1.62601K+01,

L.04146E+01, 6.34863E+00, 1.99125K+00, 2.69221E-03,

0.000008÷00, 0.00000E÷00. 0.00000Z÷00, 0.00000E÷O0,

595 _AT IqAT_ ARRAY FOR gODK 12021

0.00000Z÷00° 0.00000£+00, 0.00000E+00° 0.00000K+00.

0.00000K÷00. ?.01557_-02, 1.06306E÷01. [.72662£+01.

[.71407E÷01. 1.82441_÷01. 1.$?_44E+01° L.66920E+01°

1.07198K+01o 6._0261K÷00, 2.08075E÷00, 2.81572[-03°

0.00000K÷00. 0.00000K÷O0, 0.00000K+0O, 0.00000£+00.

[NDI

605 H,EAT AATE ARRAY FOE HGOK 12022

0.00000Z÷00, 0.00000E÷00. 0.00000K÷00. 0.00000E÷00.

0.00000[÷00o _.02779K-02. 1.071041÷01. [.?$2|4E+01°

[.76820K÷01, 1.88175E÷01, [._2_55E+01, 1._9387E+01,

1.09002£÷01, 6.80802K+00° 2.LSS9OK÷00. 2.93724_-03°

0.00000£÷00, 0.00000E+00. 0.00000_÷00, 0.0000OK÷00,

ZND[

615 E_AT RAT_ A_qA¥ FOR NOOK [2023

0.00000E+00o 0.00000E+00. 0.00000E÷00. 0.00000E÷00,

0.00000E+00, ?.04133K-02. 1.07959K÷01, 1.78063E÷01,

1.|2469_÷01, I.$4013E÷01, 1.979|2E+01o 1.70lS9K÷01,

1.10131E+01, 7.00541_+00, 2.24290E÷00. 3.06440E-03.

0.00000K÷00, 0.00000K+00, 0.00000[+00, 0.00000E+00.
_J40$

62$ I'_AT _RA'r'E A/tRAy FOR HGOK [2024

0.00000E+00. O.O0000K+O0, 0.00000E÷00, 0.00000[+00,

0.00000£+00. ?.0Sl16K-02, 1.00524E÷01o [.798|L£+01.

1.|$511£+01. 1.96955E+01, ;.99243E÷01. 1._e512£+Ol,

1.05470_+01, ?.09_72K+00, 2.29_30£÷00° 3.15351Z-03,

0.00000£+00, O.O0000K+O0° 0.00000[÷00. O.O0000K+O0.

[_D$

635 H[AT RAT_ ARRAY FOR HCOK [2025

O.O0000E÷O0, 0.00000E+O0, 0.00000E÷00, O.O0000E+O0.

0.00000_÷00, 7.05128K-02. 1.09040E÷01. 1.8176_+01.

1.89390K+01, 2.00318K+01. 2.01151[÷01, 1.65518E÷01,

1.06002K+01. ?.[604_+00. 2.36744[÷00, 3.29509_-03.

0.00000_+00, 0.00000E+00. 0.00000[+0O, 0.00000[+00.

_qOS

64$ H_AT RA'r_ ARRAY FOR goOE L202_

0.00000_+00, 0.0000OE+O0, 0.00000[÷00. 0.00000[+00.

0.00000_+00, 2.41390E-01. 4.20920[+01, ?._4211[+01.

?.31932E+01, 5.1108_Z+01. 3.03791E÷01, 2.05691E+01.

1.29599_+01, 7.59475E+00. 2.35525E÷00, 3.L4470[-03,

0.00000E+00. 0.00000E+00° O.00000[+00, 0.00000[+O0,

_ttD$

655 I'[_AT R.AT_ ARRAY FOR I_0E 12027

0.00000K+00. 0.00000E÷00. 0.0OOO0[+00, 0.00000[+O0.

0.00000K+O0. 2.413|5_-01. 4.20591£+01. ?.$3702[+01,

7.30492E+01. 5.09600£+01, 3.01965E+01. 2.03621[_01,

1.25306£+01. 7._[_06E+00, 2.33531E+00. 3.L2178E-03,

0.00000E+00, 0.00000£+00. 0.00000£+00. 0.00000[_00,
[JqD$

668 _J_,T R.A"_ AR£Ay fOR NOOK 12028

0.0000OK+00. 0.00000K+00. 0.00000E+00. 0.00000[+00,

0.00000_÷00, 2.41441E-0|. 4.20968£+01. ?.$49G[_*0L,

?.33315_+01, 5.1252|E÷01, 3.04959£+01, 2.0_049[+01,

1.294|5K+01. 7._0553E÷00. 2.374?|£+00. 3.1_012[-03,

0.00000Z+00. 0.00000[+00, 0.00000_+00, 0.00000[+00,
_ND5

675 H,F._T _,_TZ ARRAY FOR NCO[ 12029

0.00000[+00. 0.00000E+00, 0.00000[+00. 0.00000E*00,

0.00000£+00. 2.41490[-01, 4.21242£+0[, _.55805_*0l,

7.35145[÷01° 5.1459_£÷01, 3.06666[+01, 2,07020[+01,

1.29619£÷01. ?._44S6_÷00, 2.39_85[+00. 3.20117_-03.

0.00000£÷00, 0.00000[+00, 0.00000Z+00. 0.00000_00.

_HO5

605 KE_T RATE ARRAY FOR NOO£ 12030

0.00000[÷00. 0.00000_+00, 0.000O0E+00. 0.00000_00,

0.00000[+00, 2.41619E-01. 4.21759E+01. 7_7492[_0_,

1.31102[+01, 5.18992£+01, 3.10292E+01. 209525[.0_,

[.30400[+01, 7.72959£+00, 2.44409[+00. ]28399E-03,

0.00000£+00. 0.00000E+00. 0.00000E+00. 3,00000_,00,

_ND5

695 _EAT _AT_ ARRAY FOR NOOK 12031

0.00000E+00

0.00000[+00

G.30504E÷00

2.89902K+00

0.00000K+00

0.00000K÷O0

0.00000E÷00

6.095[0K+00

2.42398K÷00

0.00000K÷00

O.O0000K+O0

O.O0000E+O0

6.05405K+00

2.25053K+00

0.00000K÷O0

0.00000£÷00

0.00000_+00

1.7624|E÷01

1.34509E+01

0.00000K÷00

0.00O00E÷00

0.00000E+00

1.75921E÷01

L.327_0E÷01

0.00000E÷O0

0.00000[+00

0.00000[+00

1.80200£÷01

1.34933_+01

0.00000[+00

0.00000£+00

0.00000K+00

1.84535K+01

1.34544K+01

0.00000K÷00

0.00000E+00

0.00000£÷00

1.89107E+01

1.33160K+01

0.00000Z+00

0.00000E+00

0.00000E÷00

1.92005£+01

1.26191£+01

0.0000OK+00

0.00000[÷00

0.00000[+00

[.95212E+01

1.10430[+01

0.00000Z+00

0.00000[+00

0.00000B+00

|.33099K+01

1.73901E+01

0.00000Z+00

0.00000£+00

0.00000[+00

_.32196[+01

1.71306K+01

0.00000Z+00

0.00000£+00

0.00000Z+00

1.34329E+01

1.7252&E+01

0.00000E+O0

0.00000£+00

0.00000E+O0

8.35728[+01

[.72208[+01

0.00000E+O0

3.00000E+O0

3.00000E_O0

8.38529K+01

172629E+0[

0.00000E+00

)00000E+00
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0.0O000E+O0. 0.0000OE+00, 0.00000E+QO, O.00000E+O0.

0.O0000E+O0. 2.41649E-Ot. 4.21092E_Q1, ?.51013E+01.

?.32951E+01. S.1209"_+01, 3.02313E÷01. 2.01028E+01,

L.24593E_01, ?.43101E+00, 2.3EiZ2Z+00, 3.27126E-03,

0.00000_+00, 0.00000E÷00, 0.00000Z÷00, 0.00000E+00,

E,_D$

905 HEAT RAT_ ARRAY FOR _4COE 12032

0.00000_÷00. O.00000E÷00, O.00000E+O0, 0.OO000Z+00,

0.00000Z+00. 2.411301-01. 4.11978E_01, 7.51032Z+01,

7.22616E÷01, 4.S_590E+01o 2.879101÷01, 1.84910E+01,

1.11932E÷01, 6.?1212E+00o 2.22089E+00o 3.264Y/Z-03,

0.00000Z÷O0. 0.00000Z÷00, 0.0OO00E÷00. 0.00000E+O0.

F,J_.$

715 I'l_qT RATZ AR/U_Y I_R NR:OK 12033
O.000O0E÷QO. 0.00000E÷00. 0.0000OE+O0, 0.00Q00_00o

0.00000_+00. 4.21730E-02, 9.&254?E÷00o 2.3|404Z_01,

4.48909K+01, 5.22195E+01. 4.09915E+01, 1.119491¢+01,

G.80031K+00, 4.0E723E+00. 1.46659E_00o 4.44952Z-03,

0.000008+00, 0.00000Z+O0. 0.00000E+00, 0.00000E÷00,

E._m$
_21 ;.I_A? AA'rE A/UtAy FOR NGOZ 12034

0.00000E+00, 0.00000K+00, 0.00000E÷00, 0.00000E÷00,

0.00000E÷00, 4.09020E-02, 1.03886E÷01, 2.63831E+01.

5.07850E÷01. 4.00649E+01, 2.19955E+01, 1.|5966E+01,

1.06334_+01, 1.0931_E+01, 2.34025E_00. 3.99140E-03.

0.00000E+00. 0.00000E÷00, 0.0000OZ+00. 0.00000E+00.

ENDS

735 J'_AT I_.,TE ARRAY FOR NODE 12035

0.00000E+00, 0.00000E÷00, 0.00000Z+00. 0.00000E+00.

0.00000£+00o 5.90109E-03, 2.31300E+00. 6.52269E+00.

1.29945E÷01, 1.56122E+01. 1.7|614E+01. 1.30602E÷01,

5.54392E+00, 5.54_21q¢÷00. 1._0_39E÷00, 1.65440_-02,

0.00000E÷O0, 0.0¢_00_÷00, 0.00000E÷00, O.00000E÷00.

745 P_.,AT AJqTY, ARRAY FOR NCOE 12036

O.O0000E÷O0, O.O0000E+O0, 0.00000_+00, O.O0000E+O0.

O.O0000E÷O0, 9.09369_-03. 2.40002E+00, 9.6596_+00.

1.51961E÷01, 1.50091E+01. 1.$4915_+01, 1.69029_+01,

1.45686E÷01, 5.46004E+00, 2.3_690_+00, 7.35442E-02,

0.00000[÷00. 0.00000E÷00, 0.00000E÷00, 0.00000E+O0,

E.ND$

7_$ PIP.AT RAT_ .l_ql_qy FOR _,K_EI_ 12037

0.00000E+00, 0.00000E+00, 0.00000E+00. 0.0O000E÷00,

0.00000E÷00, 6.06917E-02, 1.05509E÷01, 1.79561E÷01.

1.94401E÷01, 2.07005E+01. 2.0|09eE÷01, 1.66999E+01,

1.04991_+01, 9.39104E+00. 2._1450E÷00. 2.21990E-02,

0.00000_÷00. 0.00000E+00, 0.0O000E÷00, 0.00000E÷00,

_J,ID$

9&$ HEAT RA't"_., A,.qI_Y FOR NCX)E 12038

O.00000E+00. 0.00000E÷O0, 0.00000Z+O0, 0.00000£+00,

0.00000_+00. 6.5S70SE-02, 1.04|$0E÷01, L,77529E÷01.

1.901|6E÷0_. 2.02950E+01, 2,00630E÷01o 1,$99_2E+01.

9.3_057_÷00. 6._5440_+00, 2,46014Z÷00, &.79492Z-02.

0.00000Z+00, 0.0O000E+O0, 0.00000E÷O0, 0,00000_+00,

ENDS

778 H_AT PATE ARRAY FOR NODE 12039

0.00000Z+00. 0.00000E+00. 0.00000E÷O0. 0.00000E+00.

0.00000Z+00o Z,42394E-01, 4.22093Z÷01, _.S?016E+01,

?.34569E+01, 5.11092Z÷01, 2.95929_+01. _.92060E+01.

1.12114E+01, 5.91192E÷00, 2.35901E÷00. 3.35991E-03,

0.00000E+00, 0.00000E_00, 0.00000_+00. 0.00000E*00,

_ID$

755 HEAT RATE &RRAY POR NOOZ 12040

0.0000DE+00. 0.0O000E÷O0, 0.00000£÷00, 0.00000E+00.

0,00000E÷00, 2.42969_-01, 4.239|0_+01. _.60859E+01.

_.40142E+01, $.11998E÷01. 2.63125E+01, 1.91352E+01,

1.06544_+01. 5.$9|41_÷00. 2.389_9E+00, 3.16130E-03,

0.00000E+00. O.0000O_+00. 0.0OO00_+00. 0.00O00E*00.

ENDS

79S HEAT _q'['Z ARRAY FOR NOO[ 43006

0.00000E÷O0. 0.00000[÷00. 0.00000Z+00, 0.00O00E+00.

0.00000E+OO. 2.42132_-02. 6.13342Z+00, 1.50378E.01,

2.82444E+01, 3.25_99E+01, 3.46953E÷01, 3.259|5_+01,

5.79655E+00, 3.35951E+00, 1.04050E÷00, 1.691_8E-03,

0.00000_÷00. 0.00000E_O0, 0.00000E÷00, 0.00O00E+00,

ENDS

SOS :,,_..AT RATE ARRAy FOR NQO[ 43013

0.00000E+00, 0,00000E+00, 0.00000E÷00, 0.0000OE+00,

0.00000_÷00, 9.12041_-03, 1.92540E+00, _.66860Z+00,

5.$0324E+00, 5.70183E+00, 9.6_990E+00. 1.01430_01.

2.09509E+00. 1.21155E+00, _.89495_-01, 5.53932E-04,

0.00000_+00, 0.00000_+00, 0.00000_÷00, 0.0O0O0E+00.

E?IDS

515 I'_._T RA'I_ _RAy FOR N_OE 43020

0.00000E+00, 0.00000E÷00. 0.00000E+00. 0.00000E÷00,

0.00000_÷00, 4.20496E-02o 6.32319E+00, 1.01918E+01,

1.01293E÷01, 1.01202_÷01, 1.05290E+01, 9.66806E+00,

6.20912E÷00, 3.80916_+00, 1.20119Z+00, L.59879E-03,

0.00O00E_00. 0.00O00_+00, 0.00000Z+00. 0.00000E*00,

_ND$

82S HEAT RATE ARRAY FOR NOO_ 43027

0.000DOE+00, 0.00000_+00. 0,00000_+00. 0.00000E.00,

0.00000Z+00, L.44498E-01, 2.51113E+01, 4.4_I_E+0_.

4.311_E÷01, 2.95623E+01, L.72509Z+01, _,15_14E*0_.

7.10511Z+00, 4.22062E+00. 1.31602E+00. 1.75_02E-03,

0.00000E+O0, 0.00000E+O0, 0.0000OE÷00. 0.000O0E+_0,

ENDS

03$ HEAT KATE ARRAY FOR NODE 43008
0.00000E+00. 0.00000E*00, 0.000DOE+00, 0.00000E,00,

0.00000E÷0O. 2.43294E-02. 5.93324E+00, L.43_34_*0_.
2.66595E+01. 3.10460E_01. 3.27399E+01, 2.85_25E*0_,

4.61892E+00, 2.68944E+00. 9.3360_E-01. L.76592E-_3,

0.00000Z+00. 0.00000E+00, 0.00000E+00. 0.0000:E-C_,

ENDS
845 HEAT PATE AR_qY FOR NODE 43015

0.00000E+00, 0.0D000E+00, 0,00000E+O0. _._CC_E-_,

0.00000E+00. 9.21403£-03, _.60925E_00. 3.55_64g_C.

$.19409K÷00. 5.32492E+00. 9.24189E+00. 294_24E'"3_,

0.00000E÷00

8.3423&E+01

1.63939E+01

0.00000E+00

0.00000E÷00

0.00000_÷00

8.261HE÷01

1.4590_E÷01

0.00000E÷O0

0.00000E÷O0

0.00000_00

3.60334E+01

_.24634E+00

0.00000E÷00

O.O0000E+O0

0.00000E+O0

4.04101E+01

1.4_175E+01

0.00000E+00

0.00000_+00

0.00000_+00

1.05104_+01

1.02034E+01

0.00000E÷O0

0.00000E÷00

0.00000E+00

1.23498E+01

1.3003_E+01

0.00000E÷00

0.00000E+O0

0.00000_÷00

1.99643E÷01

1,11245E+01

O.O0000E+O0

0.00000E+O0

0.00000E÷00

1.96395E÷01

9.$5661E+00

0.00000E+00

0.00000E+00

0.00000E+00

8.36394E+01

1.46414R_01

0.00000E+00

0.00000K+00

0.00000E+00

i.4119iE+01

L.40559E+01

0.00000E+00

0.00000_+00

0.00000E_00

2.24635E+01

2.02573E+01

0.00000E+00

0.0D000E÷00

0.00000E÷00

4.37|90E+00

2.70795E+00

0.00000E_00

O.O0000E+O0

0,00000B+00

1.06830Z+01

7.85377E+00

0.00000E+00

0.=0000E+00

3.00000K+00

4.937g0E+01

9.57410E+00

3.00000E+O0

_.O0000E+O0

_.00000E+00

_.1297SE+01

627_63E+00

C:CO00E*O0

_,:0000E+00

0 :O000E+O0

416292E_00

22492_E*00
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1.415030+00. 1.124290+00, 3.532260-01. 4.284520-04. 0.000000+00

0.000000+00, 0.000000÷00. 0.000000÷00, 0.000000+00. 0.000000+00

F.._DS

IS$ _I_.T RA'['K AA.qA¥ for NCOE 43022

0.000000+00, 0.000004+00. 0.000000+00. 0.000000÷00, 0.000000*00

0.00000E+00o 4.22101E-02, 6.432090÷00. 1.054910+01. 1.120040+01

L.010031÷01. 1.133791B+01, 1.1_0450+01, 1.001350+01, 7.952390+00

6.50729E_00, 4.102010_00. 1.31042B+00. [.15t07_-03. 0.000001+00

0.00000E÷00, 0.00000E)00. 0.00000K÷00. 0.000000_00, 0.000000+00

[Jk'D$

109 VT._T RAT[ ARRAy FOR I_OE 43029

0.000000+00, 0.000000*00, 0.000000÷00, 0.000000+00, 0.000000+00

0.000000+00. 1.447100-02, 2.325_60+01. 4.$34500.01, 5.017050+01

4.410700+01. 3.109500+01. 1.849640+01. 1.2S$140+01, 1.037460÷01

?.|24740+00. 4.626370_00o L.455720_00, 1.943940-03, 0.000000÷00

0.00000E+00, 0.00000B+00, 0.000000_00, 0.00000K*00° 0.000000+00
_ND$

179 I_AT RATlS ARRAy FOR _OE 43010

0.00000E+00. 0.000000+00, 0.00000|÷00, 0.000000÷00. 0.000000+00

0.00000E÷00. 2.4||300-02, 5.479320+00o 1.203020+01. _.|5|600_01

2.297370+01, 2.67300|÷01, 2.|23060+01, ?.519120+00, 2.497420_00

1.9240|K÷00, 1.121910_00. 3.561730-01. 2.246570-03, 0.00000[+00

0.000000*00, 0.00000K÷00, 0.00000_00. 0.000000+00, 0.000000÷00

||$ HEAT IqATE ARRAy FOR )K:OE 43017

0.000000+00, 0.000000+00. 0.000000+00. 0.000000+00. 0.000000÷00

0.000000÷00. $.314910-03, 1.&49110÷00. 3.41|230_00, 3.917420+00

4.|35430+00, 4.702010+00, $.130630+00, 2.13936[+00. 1.6023|E÷00

1.43000E+00, 9.491070-01, 3.L21450-01, 1.975t1[-04. 0.000000*00

0.000000+00. 0.000000+00. 0.000000÷00. 0.000000*00. 0.00000B+00

FJ_9$

|99 I'_.AT RATE .4ARAy FOR NCOE 43024

0.000000÷00, 0.00000E÷00, 0.000000÷00o 0.000000+00, 0.000000+00

0.000000+00. 4.23342g-02. G.$2975E+00, 1.0S043E+01, 1.L79020+01

1.150910+01, 1.19577B+01, 1.204730+01, 1.007990+01. 7.445|10+00

6.4|1||E+00, 4.2|4100+00, 1.404340+00o 2.004030-03 0.00000[+00

0.000000+00. 0.000000+00. 0.000000+00, 0.000000+00 0.00000E÷00

905 NEAT IAA'L'_ ARRAy FOR NGOE 43031

0.00000[÷00, 0.00000_+00, 0.00000_+00° 0.00000_*00 0.00000[+00

0.00000[+00, 1.44801A-01, 2.519310+01, 4.51190[+01 4.977320+01

4.302_20+01, 3.0421_+01. 1.763320+01, 1.17925[÷01 9.37235[.00

7.1_545[+00, 4.303420+00, 1.3795|[+00. L.971670-03 0.00000[+00

0.00000[+00. 0.000000+00, 0.000000+00, 0.00000[+00 0.00000_+00

_ND$

915 HEAT RAT_ AAAAy FOR N_E 12045

0.00000[+00. 0.00000[+00. 0,00000[+00. 0.00000[*00 0.00000[.00

0.00000[+00, 9.553570-04, 6.96557[-01. 2.27673[+00 3.9209_[+00

3.0_|0SE+01, 4.4|5510+01. 4.744070+01o 4,51_40E÷01 3.|1_49[+01

2.64S790+01, 2.321470÷00, 3.245230+00o 1.95515[-02 0,00000E+O0

0.000000÷00, 0.000000+00, 0.000000*00, 0,000000+00 0.00000E+O0

F.,,ND$

925 HEAT RATE A.qRAy FOR NODE L2046

0.000000+00. 0.00000[+00. 0.00000[÷00. 0,00000E*O0, O.00000E+00

0.000000+00, 1.01|_20-03, ?.46244[-01. 2.47695£÷00, 4,29314[+00

6.35|740+00. L.35790[_01. 2.|0300[+01, 4.L0111E*01. 4.9164|[÷01

2.179170+01, 2.59153E+00. 1.011130+01, 1.12795E-01. 0.000000+00

0.00000E+O0o 0.000000+00. 0.000000+00. 0.00000[*00. 0.00000[+00

935 HEAT KATE ARRAY FOR NODE 12047

0.000000+00, 0.00000E+00, 0.00000[+00. 0.00000_+00. 0.000000+00

0.000000+00, 9.422_00-04, 6.96009_-01, 2.25969Z*00, 3.90040Z*00

$.48S70B+00, 9.1559?1¢+00o 1.10339[+00, L.020640*01, L.22935E+01

4.2?$33[+00° 2.307991[+00, 3.26071E+00o 3.34072E-02, 0.00000[+00

0.00000[+00, 0.00000E+00. 0.000000+00. 0.00000[+00, 0.00000[+00

[NOS

945 HEAT RATE ARRAy FOR N_OB _2048

0.00000E+00, 0.00000E+00. 0.00000[+00, 0.00000E+00, 0.00000[+00

0.000000+00, 3.33123[-04, 2,636540-01. |.504540-01, L.47|25[+00

4.1S2130+00, 2.616_|[÷01. 2.451?4[+01, 1._2728(+01, 5,4794&E*00
3.627_50+00. _.0?E?0Z+00, 8.0775_-01, 7.46_45_-03, 0,0OO00_+00

O.O0000B+O0. 0.000000+00. 0.00000E+00, O.O0000E+O0. 0.00000E*00
ENDS

953 H[.,q.T RATE ARRAY FOR NCOB 12049

0.00000[÷00. 0.000000+00. 0.00000[+00, O.O0000E+O0, 0.00000[+00

0.00000[+00. 2.|265&[-03. 1.93379[+00, &.34889[+00, 1.092410+01

3.$60170+01, 5.63|96B+01, $.99111Z+01. S.68316E+01, 4.84328_+01

3.467140+01. 6.51254B+00, 5.23479[+00, 3.51642[-02. 0.00000E÷00

O.O0000E+O0. 0.00000[+00o 0.00000Z+00, O.O0000E_O0, O.O0000E+O0

9_$ .U_.AT AAT_ ARRAy FOR NODE 12050

0,000000+00, 0,000000÷00, 0.000000+00, 0.00000E+00, 0.00000[*00

0.00000[+00. 2.79428[-03, 1.7602|E+00, 5.69297E+00. 9.7_464E_00

3.71327E+01, $.459|8E+01° 5.40553E_01. 5.50363£+01, 4.72025E_01

3.74939B+01, $.85515Z+00, 3.95639[+00. 3.12041E-02. 0.00000E+00

0.000000+00. 0.00000[+00, 0.00000[+00, 0.00000E+00. 0.00000[+00

_ND$

97$ H_.AT RATE ARI_q.Y lr_OR NOOE 12051

0.000000+00, 0.00000[+00, 0.000000+00. 0.00000E+00. 0.00000[+00

0.00000[+00. 2.71771[-03. L.$91510+00, 5.08989E*00. 8.71270Z+00

2.89596[+01. 5.2_4460+0_. $.63439B+01. 5.33116E+01, 4.574460+01

3.64254[+01. 5.24210[+00. 6.82197[+00, 3.98739E-02, 0.00000[+00

0.00000[+00. 0.00000[+00. 0.00000E÷00, O.O0000E+O0, 0.000000+00
_ND$

9IS HEAT RATE ARRAy FOR NODE 12052

0.00000[÷00. 0.00000[_00, 0.00000[+00, 0.00000E_00, _.00000[+00
0.00000E+O0. 2.9_43l[-03. L47791[+00. 4.73506E*00, 8.095T5[+00

1.091990+01. 5.19245[+01, 5.527770'0t. 5,236840*01. 4.46716[+01

_.5713t{+01, 4.05315Z÷00, 3.62273[_00, 2.99431E-02, 0.000000+00

0.00000[÷00. 0.00000[+00, 0.00000[+00, 0.00000E.00. 0,00000[*00
F,.ND$

996 HEAT RATE _c_!_y FOR NOO[ 12053

0.00000[+00, O.O0000Z+O0, O.O0000E÷O0. O.O000C_-O0. 3.00000E+00

0.00000[+00, 3.4448?E-03. 1.45194E_00, 4.62963E-_0, 789505E+00

_.055_9[+01, 3.84027[+0L S.4$?|TE+0L 5.20030E÷01. 4.45599E÷0_
3.S5_2_[+01. 4.72_5_E+00. 4.03687E_00, 3._50_4E-_2, _.00000E_00

0.00000[+00. 0.00000[+00. 0.00000Z_00. 0.0000_E_0. '_.00000E+00

ENDS

2-4-33



1005 HEAT _TI_AAP, AYFOR_OOK 12054
0.000001÷00. 0.00000E+00, 0.00000K+00, 0.00000E+00, 0.00000E_00

0.00000E+00, 3.G6396E-03. i.|200EE-Q1. 2.74_|6E+00. 4.61309E÷00
6.09707E÷00. _.995471[+01. 4.$3?$6E÷01, 4.67t|$E+01. 4.00554E÷01

3.22343E+01. 2.75175£+00. 6.05724E_00o 3.$|610E-02, 0.Q0000E+00

0.00000E+00. 0.00000E+00, 0.00000E÷00. 0.00000E+00. 0.00000E÷00

L015 _.ATRJ_TEA_RAY_0R NODE 12055

0.00000E+00. 0.00000E+O0, 0.00000E÷00. 0.00000[÷00, 0.00000E+O0

0.00000E+00, 4.24763E-03, ?.74E_IE-01, 2.24991E_00, 3.S_0|$E+00

4.751|7E÷00, I.?(16_+00, 4.|3015E÷01. 4.5_33SE+01. 3.$0015E+01

3.15060S+01, 2.4199_+00, 2.ilEO?E÷00. 4.2061|E-02. 0.00000E÷0O

0.00000a+00. 0.00000B÷00, 0.00000E+00. 0.00000E÷00, 0.00000E+O0

ENOS

1025 _.AT_ATEAJUtAyFOR M(_I 12056

0.00000E+00, 0.00000K÷00. O.O0000K÷O0, O.O0000Z÷O0, 0.00000Z+00

0.00000E+00. 2.|4432Z*03, 2.05034Z+00, 6.15640E+00. 1._9132Z÷01

1.58267|+01. 1.OI$S3E÷01. 2.77244K÷01, 4.|4350E+01, ?.I1569E+01

4.13201E_01, 7.23172Z_00. 1.81232K+01. 1.93620E-0l, 0.00000E*00

0.00000E+00, 0.00000m*00, 0.00000K÷00. 0.00000E÷O0, 0.00000Z+00

_D$

1038 HZAT _'_,JUUtAyI_OR_OE 120S?

0.00000E+00. 0.00000E+00, 0.00000E+O0, 0.00000E+00, 0.00000E+00
0.00000E_00. 2.|$_S3E-03. 2.119e0E+00. _.94254E+00. 1.20413E+01

1.60279£+01. 1.|4802E+01. 2.|OSE?E+01o 4.$?096E+01, _.13421E÷01

3.74_42E+01. _.29312E+00, 1.01975E+01o 1.93_47E-0l. 0.00000E÷00

0.00000E+00. O.00000E÷00, 0.00000E_00o 0.00000E÷00, O.00000E÷00

1045 _,AT RAT_N_AY_0M_ODK 1205|

0.00000_÷00. 0.00000E÷00. 0.00000E÷00, 0.00000E+O0. 0.00000E÷00

0.00000_+00. 3.0S_3_-03. 2.25947E_00, 7.34|96_+00. 1.2_029E÷01

1._9304E+01o I.SE210E+0I. 2._?1_E+01, 4.SS12_E+01, 7.22277E+01

3.21351E_01o ?._5492E÷00. 2.SIS?|E÷01, 2.41443_-01, 0.00000E÷00

0.00000E+00. 0.00000E+00, 0.00000E+00o 0.00000E+00. 0.00000E+00

10S$ tt_qTP,.qTZARRA¥ FOR NOOK 12059

0.00000_+00, 0.00000E+O0, 0.0000OE+O0, 0.00000_÷10, 0.00000E+O0

0.00000E÷00, 3.1|3_5E-03, 2.36742E÷00. _.G4|?2E_0O, L.3L_4_÷01

1.75_49_+01, 2.044S4E+01o 3.03434[+01. 5.0597_£÷01, ?.2SS_7[÷01

4.4515tE+01, ?.90713E+00, 1._491_E+01, 1.9390_E-01, 0.00000E+00

0.00000E+00o 0.00000_+00, 0.00000_÷00, 0.00000E+00, 0.00000_+00

".NOS

10_$ H_J_T_T'_A,RRAY FC)RN(:O_ 120_0

0.00000E÷00, 0.00000E+00. 0.00000E+00, 0.00000.._00, 0.00000E÷00

0.00000E÷00. S.35827_-0So 2.492|9_÷00, 7.99_$2_+00. 1._?17_E+01

1.|2|0|E+01, 2.13_92E+01, 3.14440E+01, $.L47110..+0L. _.'_53S8E+01

3.71|15E+01, |.24153E÷00, 1.23026E+01. 2.1_912E-01. 0,00000E÷00

O.00000E÷O0, 0.00000_'÷00, 0.00000E÷00, O.00000E+0O, 0.0000Ol_÷O0

ENDS
10"PS IW,,AT RAT_ ARRAY FOR NODE 120_1

0.00000E+O0, 0.00000E_'00, 0.00000E÷00, 0.00000E+00, 0.00000E+00

0.000001_,+00o 3.37";75E-03, 2.43599114"00, 7.795_6E+00. L..]3311|E÷01

1.7_22SE÷01, 2.0tlS2_+01. 3.08302[_01. 5.07046E+01. 7_258E4[÷01

3.47494E÷01. 8.03117E+00. 2.G3013E÷01o 2.179S3E-01. 0.O0000E+00

O.000OOE÷00, 0.O0000E÷00, O.000O0E+00, 0.0000OE+00. 0.00000E+00

".NDS

10S$ V_,_T _2k'J_ ARRAY _OR NCOE 120(;2

0.00000E+OO, 0.00000E+O0, O.OO000E÷O0, 0.00000..+00. 0.00000E÷O0

0.00000E+00, 3.3G_41E-03o 2.293|?E_'00o _.23040E+00. _.223_0E+01

1. 620S2E+01, 1. $O_illOE_-01. 2. 93014E÷0t, 4.90|33E+01, T. 14432_'01
4.2S274E4"01, T.592931_÷00. 1.34214E4"01. 2.41950E-01, 0.00000E÷00

0.00000E÷O0o 0.00000E÷O0, 0.0000OE+00, 0.00000..+00, 0.00000E+O0

".ND$

105S _,AT _U_ ARRAY FOR _ODE 120G3

0.00000E÷O0o 0.00000E÷O0, 0.00000E_"00, 0.00000[+-00, 0.00000E÷00

0.00OOOE+O0, 2.51087E-03. 1.90309E+00. 6.17524".*00. 1.063117E+01

L.410?0E+01. _.6329EE÷01. 1.73533E+01, L.GOG?3E+01, L.49|O1E+01

L.073OOE÷01, 6.26834E+00. 5.2004SE+00, 5.52910E-02, 0.00000E+O0

0.00000E+00. 0.00000E+O0. 0.00000E+O0. 0.00000..+00. 0.00000E+00

F-.XD$
110S _,_T R_T_ A.qKAY _O_ _ODE 12064

0.00000E+00. 0.00000E+00. O.00000E+O0, 0.00000E+'00. 0.00000r+00

0.O0000E+00. 2.63324E-03. _.94100E÷00. 6.29221".+00. L.00235£+01
1.4301|E+01. 1.65030E+01, _..7S03GE÷01. 1.60650..+01. 1.4040L..+01

1.0"/766E+01, 6.3G136E÷O0. 4.15511S£÷00, 5.512S6..-02. 0.00000..+OO

0.O0000E+00, 0.O0000E+O0. 0.00O00E÷00. 0.00000..+00. 0.00000E+O0

ENDS
lllS H_.AT P,A_'_ A_P, AY FOR NODE 120_S

0.00OOOE+00o 0.OO000E+00, O.00000E+O0, 0.00000.._00, 0.00000E+OO

0.00000E'I'00. 2.10S04E-03o 2.06S60E_'00, 6.69044..÷00, 1.1402_E+01

1.51314E_,01, 1.73904E÷01, _.IISII40E÷0_.. !..6T450F,._.01, 'L.53335.._01

1.12SSOE+01. G. 72|04E÷00, 7.35313E÷00. 6. _e369[-02, o. 000001=+00

0.00000E+O0, 0.00000E+O0, 0.00000E+O0. 0.00000..*00. 0,0O000..+O0

[¢_'OS

1125 HEAT RATE ARRAY FON NOSE 12066

0.00000E÷00, 0.00000_+00, 0.00000E÷00, 0.00000..+013. 0.00000..÷00

0.00000E+O0. 2.93454E-03, 2.1S622_'00, 6._T336E*_0. l.l_3OtE+0l

_,.$,iS'/1E+01, t.?912SE+OL, 1._)22|11E+01. ._.'_0131£_01, L.5411911E+01

_.15003E+01. _;.9|443E_00. 4.33522E+00, $.54837..-02, O.0000OE+00

0.0_O00E÷O0. 0.000O0E+00. 0.00000E+00. 0.00000£÷00. 0.30000".+00

".NDS

1135 _L_.J_T R_TI_ A.qRJ_T FOR NQCIE 120_?

O.00000E+O0. 0.00000E_'00, 0.00000..,"0O, 0.00000[+00. 0.0000OW+00

O.00000E+00. 3.011013E-03. 2,2S471E4'00, 7,2B$04..*00. 1.24246..+01

1.619567,+01. 1.84002E+O1. _..9|502..÷01. 1..;'$862..*0:, L 55679..+01

$.25721E',01. "/.271120E+O0. 4.49232E÷00. 6.29301[-02. 0.00000..÷0O

0.00000E+00, O.O0000E+O0, 0.00000..+00, 0.30000E_00. 0.00000..+00

..NDS

1L4S H,_..B.T I:t_TE _JIR._.y FOR _OOE _2068

0.00000E+O0, 0.00000E+00, 0.0000OE÷00, 3._0OC_E._O, O,30000E+-O0

0.00000..+00. 3.1"/347_-03, 2.31210"+00, ? 4_563E-:_, _ 26619..+01

1.63_5E÷01. 1.84214E+01. 2.00290E+01. :.67e_;_-'_L. 2 _1025..+01

1.18835E+01o ?.43340_'÷00, ?.51042r_'00. 6 ,l:L'_6E-_2, 0 _0000E+O0

0.00000..+00. 0.00000E*00, 0.00000..+00. 0,_3_C_-_3, _; _00COE_O0

ENOS

"15S H._.J_T =t_TE _Y FOR I_OD£ L2069

0.00000E+O0. 0.00000E¢'00. 0.00000£÷00. _ _03_E*_ _ _0000..+00

0.00000tm'+00. ].29406E-03. 2.,_|4)._E+00. ? 66_r_'77 _ _9.3_,6E'OT
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o

1.652258+01, 1.|40368+01. 2.021958+01. 1.6174|E+01, 1.4S718[+01

1.101428+01, 7.601058+00o 4.43441[+00° 7.05188[-02° 0.00000[+0O

0.000DOE+00. 0.00000E+0O. 0.00000[+00, 0.00000[÷00. 0.00000[+00E.ND$

I165 HEAT RATI_ ARRAy FOR NODE 12070

0.00000[+00. 0.00000[÷00, 0.000008;00. 0.00000[+DO. 0.00000E+00

0.000008*00, [.0050_-03. 7.466738-01, 2-422168*00, 4.159418+00

5.693218+00, 2.157116+01, 1.749686+01. 1.06767[+01, 1-13310[+01

8.553286+00, 3.03|21[+00, 2-35374[+00, 1-54201[-02. 0.00000E+00

0.00000[+00. 0.000O0[+00, 0.000008+00, 0.00000E+00. 0.00DO0[+00ENDS

1175 HEAT RAT6 A.qlIAy FOR _O[ 12071

0.00000[+00. 0.00DO0[+00. 0.00000[+00, 0-00000E*00, 0.0000DE+00

0.0DO00[+00. 1.15314[-03. (.767068-01, 2.1|700[+00o ].746?$[+00

$°06465[+00° 2.09530[+01, 1.65460[+01o 9.49026[+00. S.573368+00

?.54676[+00. 2.?0670[+00, 1.7t266[+00, 1.31575[-02. 0.000008+00

0.00000[+00. 0.00000[+00. 0.00000[+00, 0.000008*00, 0.00000[_00

11|$ ;'[FJ_.T RATE ARRAy FOR Z_OE 12072

0.00000[+00, 0.000006+00. 0-000O0E+00, 0-000008+00, 0.000006+00

0.00000[+00° 1.176|?E-03o 6.31451£-01. 2.035558+00, 3.46143[+00

4.65523[+00, 2.03724[+01, 1.$97218+01° 8.776238+D0. |.67934[+00

6.99620[+00. 2.506476+00, 1-456278+00. 1.254|38-02. 0.00000[+00

0.00000[+00, 0.000006+00, 0.000006+00. 0.000O0E+00. 0.00000[+00ENDS

1195 HEAT RA'TE ARRAy 'FOR NCO[ 12073

0.000008+00. 0,000008+00, 0.000008+00, 0.00000[+00, 0.000008+00

0.00000[+00, 1-33420E-03. 5.79|09[-01. 1.|57418+00. 3._60998+00

4.16320E_00. 1.484338+01, 1.539138+01. |.I65108+00, 1.147638+00

6.64061[÷00. 2.312466+00. 1.394258+00. 1.352238-02. 0.00000[+00

0.00000[+00, 0.00000[+00° 0.000008+00, 0.00000[*00° 0.000008+00ENDS

1208 H6AT RATE ARRAy FOR NODE 12074

0.000008+00, 0.000006+00, 0.00000[+00° 0.000008+00. 0.00000[+00

0.00000[+00. 1.505"64R-03, 4.93151[-01, I.$62968+00. 2.634498+00

3.40661E+00. 3.96364[+00, 1.406516+01. 7.18702E,00, 7.31530[+00

6.074598+00. 2.1'035[+00. 1.i8757[+00, 1.367998-02. 0.000008_00

O.O000O[+O0. 0.00000[+00. O.O000OE+O0, 0.00000E+00. 0.00000[+00ENDS

1215 HEAT RATE ARRAy FOR NODE 12075

0.00000E÷00, 0.00000[+00. 0.00000E+00o 0.00000E+00. 0.00000E+O0

0.00000[+00. 1.41729E-03. 4.$66516-01. 1.44208E+00. 2.4096|E+00

3.060078+00, 3.499738_00, 1.339798+01. 6.619638+00, ¢.920158+00

5.82252[+00. 1.95645£+00, L.I|TTSE+o0, 1.432428-02, 3.000008*00

0.00000Z+00. 0.000008+00, 0.000008+00 0.000008+00. 0.0000OE*00ENDS

I228 HEAT RATE ARRAy FOR NODE 12076

0.00000E+OO, 0.00000[+00. 0.00000E+00, 0.00000E+O0. 0.00000[+00

0._0000E+00. 1.39102[-03. 4.62461E-01, 1.46004E+00. 2.42317E+00

3.36743E+00, 3.43321E÷00, 1.306568+01, 6.273018+00, 6.73125£+00

5.7221|E+00. L.|SX|?E+00. 1.27041E+00. 1.510228~02. 0.000008+00

0.0000OE+00, 0.00000[+00, 0.00000E+00. 0.000008+00, 0.O0000E+00ENDS

I235 HEAT RATE ARRAy FOR NODE 12077

0.000008+00. 0.00000E+00, 0.000008+00, 0.000008+00. 0.000008+00

0.00000E.00, 4.495368-08. 1.50L578*00, 4.386008+00. 7.034758+00

9.519618+00. 1.207938+O1, 4.088648+01, 5.191378*01. 4.401208+01

3-534348*01, 4.982058+00. 9.556618+00. 4.215668-02, 0._00008+00

0.000008+00° 0.00000E_00, 0.000008+00 0.30000E.a0, 0.000008+00ENDS

1245 PLF_T PATE ARRAy FOR NODE 12078

0.000008+00, 0.000008+00, 0.000008+00. 3.000008-00. 0.000008+00

0.30000E+00. 4.00960[-03. 2.351378*O0, 1.71478E_0I. 1-099088+01

1.495678+01. 1.90573[+01. 2.113398+01. 3.952268+05, 4.941218+01

3.932178*01. 1.479638*0L 1.037058+01. 4.08980E-_2, 0.300008+00

0.OO000E+00, 0.00000E+00, 0.00000E+00 0.30000E+00. 3.00000E+00ENDS

1255 HEAT PATE ARRAy FOR NODE 12079

0.00000E*00. 0.00000E+00, 0.00000E+00. 0.00000E_00, 3.00000E+00

3.000008+00. 3.47114[-03. 2.415968+00, 7.444358_00. 1.239238+01

1.64303E+01. _.969668*01. 3.039878+01. 4)67568.0_. 7._95408,01

3.511368+01. 8.07651E+00, 4.22595E+01. 2,42469E-_:, 3.00000E+00

0.00000E+00, 3.00000[+00, 0.00000E+00. 0.J0000E-00, %.00000E+00ENDS

_265 HEAT RATE ARRAy FOR NODE 12000

3.30000E*00, 0.30000[+00, 0.00000E+O0, 0.30000E-00. _,00000E.00

3-J00OOE+00. 3.237378-03, 2.446028_00, 7.253388*_0. I._7_438*01

1.574268+0I. 1._61278+01. 2.661378*01. 5.005258-_1. 720342E+01

3._!38I£+0_. 4.J22058+01, 4.242738*01. 2.428598-02. :.;0C_OE*00

3.30000E+00, 3.00000E+00 0.00000E+00, 0.3000CE-_3. _.JC000E+00_ND$

1275 HEAT RATE. ARRAy FOR NODE ;2081

:.)OO00E+00, 3.00000E+00, 0.o00ooE.oo. 3.000OoE-::. :,:0000E+00

_J0000E,00. 2.29151E-02, 2.53122E_00, 8_5673E-_, 34338E+0[

_)53]E÷01, 1873508*01, 2._90378+01, 1_6404_-_i L392578+01
1-178008*01, 7.95768E÷00. _.052508*01. 6.86824E-_2, :30000E+00
_._O_00E+00, 0_0000E*00, _.00000E+00. 3 30000E-_0,

_NES :._0030E*00

1285 HEAT _ATE ARRAy _OR NO0[ 120_2

3;00_0E+00. 3.00000E*00. 3._0000E_00, 3.00300E.]_, _ _0000E+00

q :3000E+00. 679565E-02, 2.476918_00. _564_E-_:, 123401E+01

_55057E+0l. _.74847E_01, 2.008938+0I, 1.47443E-_, i12_69E*01

1 022938+01. I,_778_E_01, 1.047298_0_. 6,_5667__72 ' : :30:08"30

3,_0000E*30, 300000E+00. 0.00000E_00. 0:30COE-:: 3.J_C0_E_O0!ND$

1295 _EAT _ATE ARRAy FOR NODE 12083

3.JO000E+00, 0,00000E+00. 0.30000E+00. ::::_3E-:C, : ::3::E.00

0.;0000E+00. Z,65507E-32, :.91857E+00. 5)634;Z-;5, _ J?_I_E-00
1.28897E+0|. :.49618E_01. 1,78810E_0[, i JS"_u-''

_16586E+_0. 5.51386E+00. 2.23327E_00, _92:4_-Z]. ; :Z_3E',33
000C00E+00. 3.00000E+00, 0.00000E*00. _ -_ ......

!]0S HEAT _ATE_ ARRAy FOR NODE 120@4

i 33000E'00, _.355058-02, 241295E-03. .. 4_-_-" _9_ Z-_

:38309E-01, 673080E*00, 2,_9345E-_3. " :6-=_:

).:0COOE+O0. 3,_0303£-_0. _ JOCCOE-_0 _ :: ,=. - ........
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ENOS

131S I.W.AT RATIK ARRAy FOR HGOK 43050
0.00000E÷00, 0.00000K+00o 0.00000E+00. 0.00000E÷00,

0.00000K÷00. 1.?_9091-03, 1.035970÷00, 3.3329_E÷00,

2.015270÷01. 3.244080÷01, 3.452300+01, 3.271640+01,

2.233900÷01, 3.431130_00. 1.105930+00, 2.150|50-02,

0.00000E÷00, 0.00000Z+00, 0.00000_+00, 0.00000E÷00,

Z)rD$
1325 HEAT RATE ARRAY _ WOE 43057

0.000000+00. 0.000000+00. 0.000000+00, 0.000000+00,

0.000000÷00, 1.582591-03. 1.163180+00, 3.801650+00,

8.758450+00. L.027|20+01o L.579_tE+01, 2.820500+01,

3.159580÷01, 3.993|80÷00, 1.230400÷00, 1.444010-01,

0.00000E+00, 0.00000E÷00, 0.00000K÷00, 0.00000E+00,

ENDS
1335 I'_.,AT RATE ARRAY lJ'C4t I_DK 43064

0.00000E+00, 0.00000K+00, 0.00000E÷00, 0.00000Z_00,

0.000000+00, 1.68131K-03. _.190250÷00. 3.036310÷00,

0.$74500÷00, 9.506550+00. 1.05539E÷01. 9.1E3910+00,

S.500580+00. 3.857970+00, 1.26170R÷00. 2.704300-02,

0.00000E÷00, 0.00000E÷00, 0.00000Z+00, 0.00000E÷00,

WJ(O$
1345 HEAT RATE ARRAY FOR NCOK 43071

0.00000E_00, 0.00000E÷00, 0.00000E÷00, 0.00000E+00,

0.00000E+00. 7.01E?|E-04o 3.19965|-01, 1.25802E+00.

2.494660+00. 1.024240÷01, 9.$30250_00, 5.52379R+00,

4.239290+00, L.5379_+00. |.871370-01° 7.250750-03.

0.00000E+00° 0.00000B÷00. 0.00000E+00, 0.00000E+00,

ENDS
L355 J'IT.,AT RATE ARRAY FOR HK:OK 43052

0.00000Z+00. 0.00000E+00, 0.00000E+00, 0.00000Z÷00,

0.00000E+00, 1.0E10_-03. 8.57959E-01, 2.73004K+00,

6.20094E+00° 2.80910E+01, 3.275261+01. 3.10292E+01.

2.12E89E÷01, 2.00390E+00. 5.807331+00o 2.41130E-02.

0.00000Z_00° 0.00000E÷00, 0.00000_÷00. 0.00000E+00,

ENDS

1365 HEAT RATE ARRAY FOR NCOE 43059

0.00000E+00. 0.00000E+00, 0.00000E+00. 0.00000E+00.

0.00000E+00° 1.94719E-03, 1.45060E+00, 4.67322E+00.

1.070900+01, 1.2655"/R+01. 1.841590÷01. 3.061500+01,

1.03251E÷01. 4.|2107E÷00. 2.$2735E÷01, 1.44750E-01,

0.00000E+00. 0.00000E+00, 0.00000E÷00. 0.00000E+00.

ENOS

137S HP.AT RATE ARRAy FOR NOSE 43066
0.00000E+00, 0.00000E÷00, 0.00000_÷00, 0.00000E÷00,

0.000000+00° 1.864040-03, 1.320170÷00. 4.247E00÷00,

9.470900+00, 1.080200÷01, l.lS1699÷01. 1.01_050+01,

S.9_7360_00. 4.23400_÷00. 6.321380÷00, 4.208200-02,

0.00000E÷00, 0.00000E÷00, 0.00000E÷00, 0.00000[÷00.

ENDS
1308 HEAT RATE ARRAY FOR _(:OE 43073

0.000000+00, 0.00000_÷00. 0.00000_+00. 0.00000E+00.

0.00000E÷00, 8.741_2E-04. 3.60793_-01, L.L5346E+00.

2.57357E+00° 3.12777E÷00, 9.223000÷00, 5.07432E_00,

3.$SSI1E+00, _.41|9_E÷00, |.402_tE-01, 8.17337E-03,

0.00000_÷00. 0.00000E+00. 0.000000÷00, O.O0000E+O0.

EJqO$
I395 HEAT RATE ARRAY FOR NOOE 430_4

0.00000_+00. 0.00000_+00. 0.00000R÷O0, 0.000000÷00,

0.00000[+00. 2.30044_-03, 4.05|69R-01° L.223210+00,

2.594900÷00, 7.59EOOE÷00, 2.829230÷01, 2.674550+01,

L.|58050+01. 1.211910÷00, 4.35702Z-01. 2.4|0370-02.

0.00000E÷O0. 0.00000E+00, 0.00000E÷00, 0.00000E+00,

,_qD$
1400 KEAT RATE ARRAY FOR NODE 43061

0.00000R+00. 0.00000E+00. 0.00000E÷00o 0.00000E_00.

0.00000_+00, 2.03237_-03. _.42240E÷00o 4.53476E+00.

$.02_840+01, 1.215160+01. L.804200÷01, 3.00244_+01.

_.$_44_+01, 4.687350+00. 1.449130+00° 1.445740-01.
0.00000E÷00, 0.00000E+00, 0.00000[+00. O.O0000E+O0,

ENOS

1415 _.AT RATE ARRAY FOR NOOK 43068

0.000000+00. 0.000000÷00, 0.000000+00, 0.00000E+00,

0.000000+00, 2.015930-03. 1.41973R÷00, 4.554760÷00,

9.902220+00. 1.110194[÷01. 1.21099E÷01, 9.981390+00,

7.159700+00. 4.$22_70+00, 1.4_1440+00. 4.235460-02.

0.000000÷00. O.O0000E÷O0. 0.00000_÷00. 0.000000+00.

ENDS

142$ _.AT RATE ARRAY FOR _E 43075

0.00000E÷00. 0.000000+00, 0.000000÷00, O.O0000E+O0.

0.000000÷00. 3.127480-04. 3.2191_E-01, 1.018_80_00,

Z.17056_÷00, 2.459|50+00. |.lS153E+00, 4.29499_00.

3.64709Z+00, 1.2_359E+00, 8.10973[-01, 9.260570-03.

0.00000_+00. 0.00000E÷00, 0.000000÷00. 0.000000_00.

_DS

143S _AT RATE ARRAY FOR MOOR 12085
0.000000+00. 0.000000+00, O.O0000E+O0. 0.00000E*00,

0.00000E+00, 2.26561_-03, 0.24095[+00. ].158130+01,

7.772_50+00. L.03203E÷01. 1.680_70+01, _.848740_0_.

5.37|750÷01, 3.225840÷0Lo 1.16£350+01, 3.939_30-02,

0.000000÷00, 0.00000E÷00, 0.00000Z+00. O.O0000E_O0.

ENOS

L44S :'t_.AT RATE ARRAY FOR NODE 12086

O.O0000E+O0. 0.000000+00. O.O0000E+O0. O.O0000E+_O.

O.O0000E+O0. 1.38898_-03, 1.0354]E+00, 2.96394[_00.

6.356920+00. 8.2314|E+00, 2.253410+01. _.291180_01.

5.32253[+01. 8.25863_+01. 4.31392[÷01, 231349[-0L.

O.O0000E+O0, 0.00000_÷00, O.O0000E÷O0. O.O0000E*O0.

ENDS

L45S _EAT _IATE ARRAY FON NODE 12087

0.000000÷00, 0.000000+00. O.O0000E÷O0. 0.000000",_0.

O,O0000E+O0, 6.68396E-02, 8.348980_00, ]320940_00,

7.99401E_00, 9_69083K+00. 1.12440E+01, 1_5L:8£'_

6.39343E+00, 2.1245_E+01, 1.17480E÷01. _._5@79E-:2

0.00000E+00. O.O0000E÷O0. O,O0000Z÷O0, 0:_0:_-::

ENDS
146S HEAT _tATE ARRAY FOR NODE _2080

O.O0000E+O0, 0.000000+00, O.O0000E÷O0, O.O000C_'_

0.000000+00

5.708470+00

2.807150÷01

0.00000R÷00
0.00000R+00

0.000000+00

_.58303E+00

4.187730÷01

0.000000÷00

0.00000E+00

0.000000+00

S.579|8E+00

9.0_4980+00

0.00000_+00

0.000000+00

0.00000E÷00

2.15397E÷00

5.23409E÷00
0.00000E÷00

0.000000+00

0.00000R÷00

4.&4762E÷00

2.6E16EE+01

0.00000_+00

0.00000_+00

0.000000+00

8.034390+00

4.340210+01

0.00000E+00

0.000000÷00

0.000000+00

7.24|32E+00

9.430510+00

0.00000R+00

O.O0000Z+O0

0.000000+00

_.959490+00

4,139320+00

0.0000OR÷00

O.O0000E+00

0.000000+00

1.99641K+00

2.29661Z+01

0.00000K÷00

0.00000Z+00

0.00000E÷00

7,73514[+00

4.32018[+01

0.000000÷00

0.000000÷00

0.00000E+00
?.703L70÷00

9.2_9920+00

0.000000÷00

O.O0000E+O0

O,O0000E÷O0

1.699550+00

4.257360+00

O.O0000E÷O0

O.O0000E÷O0

O.O0000E+O0

5.67278Z÷00

5.$17320÷01

O.O0000E÷O0

O.O0000E+O0

0.000000+00

4.701190+00

_.526520+01

0,_00000÷00

0.000000+00

:_0000E+O0

_208090÷00

Z 09781E+01

3:00000+00

3,300000+00

_.:00000+00
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0.000004÷00. 7.103334-02. 1.$13331+00. 3.37121[+01, 6.903864+01

1.9(420g+00. 1.124|24+01. 1.22267_+01. 1.09144B+01, I.ggSISZ+00

_.37063_+00. 4.444246+00. I.$32794+00o $.479174-03. 0.00000E_00

0.00000B+00. 0.000006+00° 0.000004÷00, 0.00000E+00, 0.000004+00

147S HEAT RATE ARRAy I_R N(3OE 12041

0.00000Z+00, 0.000006+00, 0.000004+00. 0.000004+00, 0.00000Z+00

0.000006+00, 3.33447Z-02, 1.14i904÷01. 3.244434+01. 5.45423R+01

S.913|S6÷01o 1.|00134+01, 1.4i?754+01, 1.014034+01. ?.$3339E÷00

$.4162|E+00. 2.403006+01. |.22|944+00, 2.240264-03. 0.000004÷00

0.000004+00, 0.00000g+00, 0.000004+00. 0.00000E+OO, 0.000004+00
LqD$

1415 HEAT RATE _Ay Lh:3R _DE 12042

0.000004+00. 0.00O00E÷O0, 0.000006+00, 0.000004+00, 0.00000E+00

0.000006+00, $.41420-03, 1.$4499E+00, $.174_74+00. |.342404+00

1.04N9E÷01, 1.157444+01, 1.221426+01. 1.04312E+01, |.01999_+00

6.|4193E÷01. 4.0%020+00° 1.S021|6+00, ?.10|774-02. 0.000004+00
L_'D$

1488 _AT RATE ARRAY FOR HOD6 12042

0.00000E+00° 0.00000K+00, 0.000006÷00° 0.000004+00. 0.000004+00

O.00000E+00, $.4342_.-03. I.$44994+00, 5.170674+00o |°242606+00

1.049694+01. 1.137464+01, 1.221626÷01. 1.063124+01. |.01999_+00

6.841934+01. 4.0902(_.+00. 1.$02184+00. ?.100774-02, 0.00000E÷00

0.000006÷00. 0.000004÷00, 0.000004÷00o 0.000006÷00. 0.000006+00
_h'D$

1498 HZAT RATE ARRAy FOR M(3OE 12043

0.000004+00. 0.000006+00° 0.000004+00o 0.000004+00, 0.000004+00

0.000006+00. 6.73714B-02, 1.174944+01. 2.141174÷01, 2.493404÷01

2.334464÷01, 1.881304+01o 1.111934+01. S.130924÷00, S.744344+00

4.933614+00. 3.4194_E+00. 8.222036+00, 6.6|2074-02. 0.000004+00

0.000001÷00. 0.000004+00° 0.000004÷00. 0.000004+00. 0.000004÷00
ZXD$

1505 HEAT RATE ARRAy POR NGO6 12044

0.000004+00, 0.000004+00, 0.00000E+00, 0.000004+00o 0.000004+00

0.000006+00, 2.31263Z-01° 4.309246+01° |.240284+01. %|$2794+01

9.$97694+01. ?.324424+01, 2.206734+01, 7.783144+00, 5.56063E+00

4.121|$E÷00. 2.337234+00, 9.|31154-01. 1.316614-03, 0.000004÷00

0.000004+00. 0.000006÷00, 0.00000E+00° 0.000004÷00. 0.000004+00
_qDS

151$ HEAT RATE ARRAy FOR _OOE $00

0.00000E+00, 0.000004+00, 0.00000B+00, 0.000004+00, 0.000004+00

0.000004+00. 2.2901_E-02, 1.63|534+01. S.330284+01. 8.$929|_+01

%551934+01. 8.|179SE+01, 1.224304+02, 5.0939|E+01. 5.605244+01

7.009356+01, S.323534+01, L._$0324+01, 2.434304-02. 0.000004+00

0.000004+00. 0.000004+00. 0.00000_+00, 0.000004+00. 0.000004+00
E_D$

1525 HEAT RATE ARRAy FOR _COE 501

0.000006+00, 0.000004+00. 0.000004÷00. 0.00000E+00. 0.000004÷00

0.00000_+00° 2.44335[-02, 1._£3674+01, 5.37130E+01, 9.19015E+01

1.232644+02° 1.4166_+02o 1.223334+02. 1.002674+01, 1.901034+01

4.373014+01° 4.259266+01, 1.633224_01, 2.287124-02, 0.00000[+00

0.00000E+00, 0.00000E÷00o 0.00000Z+00. 0.00000E+00, 0.00000E+00
_03

153$ HEAT RATE ARRAY FOR _OOE 502

0.000004+00, 0.000004÷00, 0.000004+00, 0.00000E+00, 0.00000E+00

0.000004+00, 1.723094-02, 1.3|9144÷01° 3.763064+0I, 5.7702|[÷01

8.03991Z+01, 1.11313_+02, 1.233534÷02. 1.1_244_+02. _.$19384+01

?.19049_+01. 4.$39574+01. 1.549344+01. 2.447024-02. 0.000004+00

0.00000E+00. 0.000004÷00. 0.000004+00, 0.00000[+00. 0.00000Z+00
FJ_D3

1545 :"iF_T RATE ARRAY FOR NO0_ 503

0.000004+00. 0.000004+00, 0.00000E+00, 0.00000[÷00, 0.000004÷00

0.000004+00. 2.440474-02, Io556336+01, 4._0714[+01. 8.259234+01

_.08|1|E÷02, 1.244044+02, 1.26272£_02, 1.112124_02, 8.008204_01

5.634174÷01, 3.40000_+01, 1.385724+01, 1.721164-02, 0.00000_+00

0.00000E+00, 0.00000Z+00, 0.000004+00. 0.00000E÷00, 0.000004+00
ENDS

135$ HEAT RATE ARRAy 'FOR HOOK 8000

0.00000E÷00. 0.00000E+00° 0.00000E+00, 0.00000E_00. 0.00000E_00

0.00000E+00, 6._1_24E-02. 3.3931_E+00, 1.20520E+00. 1.I_421E+01

1.296654+01. 1.402684+01, 1.424694+01, 1.3_7124+01. 1.205954+01

1.166474÷01. 6.6|6734+00. 1.419764+00. 5._|7314-02, 0.00000E÷00

0.00000E+O0. 0.000006+00. 0.00000E+00o 0.00000E+00. 0.00000Z÷00
ENDS

1565 PMAT RATE ARRAY FOR _0OE 1005

0.00000Z÷00, O.O0000E+O0, 0.00000E÷00, 0.00000E÷00. 0.00000E+00

1.349004+01. 1.55138_+01. 1.854394+01, 1._[3184+0I, 1.32450E+01
1.1572_B+01. 6.176854+00. 2.26066E+00, 6.46_43£-02. 0.00000E+00

0.00000E+00. 0.000004+00, 0.00000E+00. 0.00000E.00. 000000E+00
F,.MD$

_570 HEAT RATE ARRAY FOR _COE 8020

0.00000E+O0. 0.00000E+00. 0.000004+00. 0.00000E+00 0.00000E+00

0.000004+00. 6.61395E-02, 3.21124K+00. 9.i3010E_00 1.343404+01

1.$6_414+01° 1.732554+01. i._0296E+01o 1.51463E+01 1.211374_01

1.172104+01. ?.$425_+00, 2.11721E+00, 6.6|102E-02 0.000004÷00

0.00000E+00. 0.000006+00. 0.000004+00, 0.00000E+00 0.000004÷00
_ND$

1585 :'_..AT RATE ARRAy FOR NOO_ 8025

0.00000E+00, 0.000004+00. 0.000004+00, 0.00000E_00

0.000004+00, 6.7|4434-02. 4.2146|E÷00o 1.31199E_0Z

2.48504_+01. 2.833514+01. 3.01920E+01, 2.565734_01

1.786654+01. 1.097044_01. 4.15474E÷00, 6.78330£-02

0.00000E÷00. 0.00000[+00. 0.00000E+00. 000000E*00
ENDS

1598 HEAT RATE ARRAY FOR NODE 8020

0.000004+00. 0.000004+00. 0.00000E+00. 0.00000£-00.

0.000004÷00

2.02790E+01

2._2949E+01

0.00000E÷00

0.00000£+00

0.00000£+00

0.00000_+00° 6.816134-02, 3.30390[+00. 8L079_E*00. L240624÷01

1.513664+01, 1.611794+01, 1.647004+01. L61032E*01. _.51023E*01

1.23_814+01, 7.38167E+00. 1.84636E*00. 6.62339[-32. ?00000E+00

0.00000E+00o 0.00000E+00° 0.00000E÷00. 0.OOOCOE.00. _.00000E+00
F,..'q'O$

160$ HEAT RATE ARRAy FOR _ODE 8035

0.00000E÷00o 6.90683E-02. ).703914÷00o 9.18725_-_0, :4_864E_01

L.90214_+01. 2.22570E+01. 2.333934÷01, _224444_I. 1.99599_01

[.415264+01, 1.425414+00, 2.084694÷00, 5.253_3_ !2. _._00C_E*00

0.00000E+00, 0.00000E+00. 0.00000E+00, _00CC_,_, _ _000CE._0
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E.XO$

1(15 HEAT PATE ARRAY for NGO| 6000

0.00000E_O0. 0.00000E+O0. 0.00000E+O0. 0.00000E+O0, 0.00000E+O0

0.00000R+O0. L.103031-02, I. 110($1+0_ 2.61187E+01, 4.46253E+01
$.%442SE+01, (.96123E÷01. _.434791+01, i.l(Tl4E+01, 5.ITI41E+01

4.47175E÷01, 2.(91401+01. 8.$311(1÷00, 1.3410_-02. 0.0000OR+00

0.00000E+O0. 0.00000B÷O0. 0.0000OR+00. 0.00000E+00. 0.00000E÷00

1(21 _JkT RATZ ARRAY RR _DE (001

0.00000E+O0. 0.000001+O0. 0.000001+00, 0.00000E+O0. 0.00000E+O0

0.000001+00. L.S10E_-02, S.24GlSE+O0. 3.10993E+01. G.$5(40E+01

8.20269K+01, K.2(0SN÷OL, 4.84(22E+01, (.2|137E+01. 8.24435E+01

7.(3454E+01, i.$24tlE+01, 2.22552E÷01, 3.13'95&-02, 0.00000E÷00

0.0000OR÷00, O.00000E+O0, O.00000E÷00, 0.00000E+00o 0.00000R÷O0

FJIDi

L(38 J,IB_¢ RATE JtqRAy FOR MCOK K010

0.000O0E+O0. 0.00000R+O0, 0.00000E_O0o 0.00000E+O0, 0.00000E+00

0.00000S÷00. 7.49781E-03. 5.008,7Z+00, 1.72193E+01, 3.0lillE÷01

4.05127E+01° 4.45490R÷01. 4.5,821R÷01, 4.41334E+01, 4.01143E÷01

3.15557R÷01. 2.0433_+01, i.(7lT_E÷00. 1.09600E-02. 0.00000E÷00

0.000001÷00, 0.00000K+O0, 0.00000l+O0. 0.00000R+00, 0.00000Z+O0

ENOS

1(45 I_AT RATE ARRAY FOR _Ol (011

0.00000E+O0, 0.00000E+O0. 0.00000E÷00. 0.00000E+O0. 0.00000E+00

0.00000E+O0. 1.$075SE-02. $.23i73K+00, 3.19,24E÷01. _.15798[+01

0.20159K*01, t.2S8(ll÷Ol. 4.14408R+01o (.271451_÷01. 8,23958E+01

?.6322(E÷01, (.52217E÷01, 2.222_4Z+01o 3.10_45E-02, 0.00000E+O0

0.00000E+00, 0.0000OR+00. 0.00000R+00. o.ooooaE+oo, o.oooooE+oo

E_D$

1(58 _]B_¢ _4"tT, ARRAY FOR 1'(3OR (020

0.0000OR+00. 0.00000g÷O0. 0.00000E+00. 0.00000E÷O0, 0.0000OR÷00

0.00000E÷O0, 7.(27(OR-03. S.0OSO3E÷OQ, 1.74(07E÷01, 3.14559E+01

4.0|300E÷01. 4.47051E÷0t. 4.S?O?0E+01o 4.42016E+01. 4.02109E÷01

3.1(344E÷01, 2.03S0_E÷01. (.ESOI|E÷O0, 1.09_,R-02, 0.00000E÷O0

0.00000E÷O0. 0.00000R_00. 0.00000R+O0, 0.00000E+O0. 0.00000E+O0

F-,NO$

1('$ HEAT RATE ARRAY FOR _ICOE K021

0.00000E+O0, 0.00000E÷O0, 0.00000E÷00o 0.00000R+00, 0.00000E÷O0

0.00000E+O0. 1.S0E33E-02. 5.23922[+00. ].15616E+01, 7.(110(£+01

8.2034(E+01, 1.26103E+01. 4.84490[÷01. 6.27501E+01, $.22935E+01

7.62805R+01. (.52228R÷01, 2.21_00E+01o 3.05083E-02, 0.00000E+O0

0.00000E+00. 0.00000E÷O0, 0.00000E+O0, 0.00000E+00, 0.00000R+00

EMD$

L(75 HEAT RATE ARRAY FOR k*QOR $030

0.00000R+00. 0.00000R+00. 0.00000R÷00. 0.00000R+00, 0.00000E+00

0.O0000R+O0, 7.6717_-03, 5.12502R÷00. 1.04333R+01, 3.24917E+01

4.1742'K+01, 4.500(3E+01. 4.681_9R÷01. 4.53066[+01, 4.ZLI00E+01

3.22911[+01o 2.06823E+01, $.730(0E÷00o L.10021R-02, 0.00000E+O0

0.0000OR+00. 0.00000E÷00, 0.00000E+O0, 0.00000[*00. 0.00000Z+O0

EMO$
1(85 'J'_A_ RATR ARRAY FOR NODE _031

0.00000[+00o 0.0000OR÷00. 0.00000E+O0. 0.00000[÷00. 0.00000_+00

0.00000E÷00, 1.$0143[-02. 1.00311E+01, 6.427_4E_01. 7.60007_÷01

1.1I_KSE÷01. 6.2450_+01. 4.12180[+01. 6.25337[+01, 8,20341E+01

_.EI079E+01, 6.51493[+01. 2.21358R+01. 3.002_8E-02. 0.00000E÷00

0.0000OR÷00, 0.00000[+00. 0.00000R+00, 0.00000[+00, 0.00000E÷00

G_O$

L69$ HEAT RATE ARRAY FOR NOG[ (040

0.00000E+O0. 0.00000R+00o 0.00000E+00. 0.00000E+00. 0.00000[÷00

0.00000E+O0. 7.41217E-03. 5.36124E+00, 2.00531E+01. 3.16732[+01

4.01541_+0L 4.49645E+0L 4.5_350E+01, 4.4916|E+01. 4.079|?E+01

3.16510R+0L 2.01061E+01, K.$3415E+00. 1.0719_E-02. 0.0000OR+00

0.00000E+O0, 0.000O0E÷O0. 0.0000OR÷00. 0.00000E+00. 0.0000OR+00

ENDS
1705 HEAT RATE ARRAY FOR MODE 6041

0.00000E÷00, 0.00000R+00, O.00000E+O0. 0.00000E÷00. 0.00000E÷O0

0.00000E+00, 1.50003E-02. 2.07525_÷01, 6.51478E÷0L 75_945R+01

O.III(0E+01, 6.2428KE+01, 4.81697E_01, 6.24524£+01o 8.19265[+01

_.60355E+01. 6.5144eE+01, 2.21123E+01, 2.97266E-02, 0._0000E_00

0.00000[+00, 0.00000R+00. 0.00000E+00. 0.00000E+00, 0.00000E+00

EMD$
1715 HEAT RAI_ ARRAy FOR NOOE 6050

0.0000OR+00, 0.00000R+O0. 0.00000R+00. 0.00000_*00, 0.00000Z+00

0.0000OR÷00. 7.44723E-03. 6.30240E+00, 2.02312E+01, ].I1515Z+01

4.11050[÷01o 4.5274_÷01, 4.55171E+01. 4.$2719£+01, 4.11105[+01

3.189(8E+01, 2.02171E÷01. 6.55|(7R+00, _.06433E-02, 0.00000E+00

0.00000E_00, 0.0000OR+00. 0.00000_+00, 0.00000E÷00. 0.00000Z+00

ENDS

1725 HEAT KATE ARRAY FOR N_OE 6051

0.00000R+O0, 0.00000R*00. 0.00000R+00. 0.00000E+00. 0.00000E+00

0.00000E+O0. 2.58430R-02, 2.20919E+01, 6.5_481E+01. 759965[_01

I.LII?IE+01, (.24226E+01. 4.11510[+01. 6.24200E+01. 8.L8821E+01

7.60000E+01, 6.51462[*01. 2.21013_+01, Z._S915E-02. 0.00000E+00

0.00000E_O0, 0.00000[_00, 0.0000OR÷00, 0.00000E+00. 0.00000E+00

_738 (EAT RA'rE ARRAY FOR NrOO[ 6060

O.00000E÷00. 0.00000E+O0. 0.00000E+O0, 0.00000E*00, 0.00000[+00

0.00000E÷00. 1.31936E-03, 6.43771E+00, 2.05064E*01, 3.19_67_+01

4.12614E÷01, 4.54607E÷0L 4.61_$0R+OL 4.54196_+01o 4.LLO97E+O1

3.19976[÷01, 2.02|03[÷01, 6.$4577E+00. L.02L_SE-02. O.OOOOOE÷O0

0.00000R+00, 0.00000E+00, 0.00000E_O0. 0.00000E+00. 0.00000[+00

ENDS

I74$ HEAT _ATE ARRAY FOR N_E 6061

0.00000E÷00. 0.00000_÷00, 0.00000E+00. 00000OR,00, 0.00000E+00

0.00000E+00, 2.94582E-02. 2.20927E_0L 6.51520E_01. 760023K+01

0.18%44E+01, 6.2429(R+01, 4.8[$74E+01. 6.24218E+01, 8.18798[+01

7.60003Z+01, 6.51496[+01. 2.20_3Z+01. 2.95497E-02. 0.00000[+00

0.00000E+00. 0.00000E+00. 0.00000R+00. 000000E+00. 0.00000E+00

1755 HEAT RAT_ ARRAy FOR NOD[ 6070

0.00000R+00, 0.00000E+00. 0.00000E÷00. 0.00000E+90. _._0000E+00

0.00000E+00. 1.69494[-03. 6.44934E÷00. 2._350lE*_1. ]_20521[+01

4.13657E+OL 4.55623E÷01. 4.62665R+01, 4547Q5[+01. 4._!939_+01

3.20214[+01. 2.03220E+01o 6.52741E+00. 9_29_E-03, _.00000[÷00

O.O0000E+O0, 0.00000[÷00. 0.00000[÷00, O.OOGOOE*O0. _._O000E+O0

ENDS

1765 HEAT RATE ARRAY FOR NO0[ 6071

0.00000E+00. 0.00000E+00o 0.00000E+00, 0,0000CE'00. 0._0000E*00
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0.00000E+00. 2.94545E-02, 2.2091|E+01, 6.5149|E+01,
8._8903E÷01, 6.242S0Z÷01, 4.|1571E+01, &.242_9[+01,

?.E0070Z÷01. &.SlS22£÷01, 2.209EIE+01o 2.gS124E-02,
0.00000E+00. 0.00000E+00, 0.00000E+00. 0.00000E÷00,

KND$

1778 ['_AT KA'FZ ARRAY I"OR /I(:OE 60eO

0.00000E+O0. 0.00000g+O0. 0.00000E÷O0. 0.00000E÷00,

0.00000E+O0, I.&SI$1E-03, &.4314?E+00. 2.03241Z+01,

4.131|31÷01. 4.$501&E+01, 4.&2?t6E÷01, 4.$5314Z+01,

3.2107&g÷01. 2.0351_+01o (.48870E+00, 9.332?4[-03.

0.00000E÷00, 0.00000E+O0, 0.00000g+00. 0.00000E+O0.
ENDS

1788 :-_,.AT RATZ ,_qlV, y FOR _Z G081

0.00000Z÷00, 0.00000E÷00. 0.00000E÷00, 0.00000Z+00.

0.00000Z+O0, 2.giSITE-02, 2.209t1E÷01, 6.$1642E+01.

|.15234Z+01, G.24624R+01, 4.|1955[+01. _.24&OEE+01,

?.E0266E+01, E.$1669E+01, 2.209e?E+01. 2.$4943E-02,

0.00000g+00. 0.00000E+O0. 0.00000Z+00, O.00000E+00.

1798 J'_AT RATE A.qRAY FOR NGOE 6090

0.00000E+O0, 0.00000E+O0, 0.00000E+00, 0.00000E÷00,

0.00000E+O0, I.?010EE*03. 6.41870[*00. 2.04S33E÷01,

4.17074Z+01, 4.$9493Z÷01, 4.&?160E+01, 4.SS27_+01,

3.23384E+01, 2.0S249_÷01, &.S2006K+O0. 9.119_5E-03,

0.00000E÷00. Q.00000E+00. 0.00000E+O0, 0.000001+0O.

K_O$

1805 _,AT RATE AJqRAy FOR NODE &091

0.00000E+00. 0.00000E+00. Q.00000E÷00, 0.00000E+O0.

0.00000E+00, 2.87201E-02, 2.15452E÷01. 7.03751E+01.

1.62?95E+02. 1.85740E+02, [.95034E÷02, 1.|$?40Z+02,

1.21138E÷02, ?.03751E+01. 2.15452E+01o 2.87201E-02,

O.O0000E+O0, O.O0000g+O0, 0.00000_+00o O.O0000E÷O0,
ENDS

[81S :'IF._.T _TE ARRAy FOR NODE 9000

0.000O0E+O0. 0.00000E+00, 0.00000[+00. 0.00000E_O0.
0.00000E+00, 2.15EOSE-02. 1._1_27E+01. 5.27888[+01,

1.2210_E+02, [.42314_÷02o 1.492|3_+02, 1.42311[+02,

|.995E6E+Ot, _.23125Z÷01. I.&1039_+01. 2.1S4_2E-02,

0.00000E+O0, 0.00000Z+00. 0,00000E+00. 0.0000OK+00,
_D$

1825 HEAT FU_TE ARRAy FOR NOOE 9001

0.00000[+00, 0.00000K+00, 0.00000E+00, 0.00000K+00

0.00000E+00, 2.1S472E-02, l.i1049E+0I. $.1_872E+01

1.20|9SE÷02o 1.4231_E+02, _.492|0[+02, 1.4231|K+02

9.0|_34E+01, 5.27862E+01. [._lEI?E+01, Z._$$gsE-02

0.00000K+00, 0.00000E+00. 0,00000E+00, 0.00000E÷00

ENOS

1835 HEAT RATE ARRAy FOR _OOE 9002

0.00000[+00, 0.00000E+00, 0.00000E+00, 0,00000E+00

0.00000E+00, 2.15437E-02, 1.6160_Z+01. 5.2_293E+01

1.22107E÷02. 1.42318K+02, 1.49290Z+02. 1.42321E+02

9.0m645£+01, $.278_3E+01, 1._1_16[+0t. 2.15S61E-02

0.00000[+00. 0,00000Z+00o 0.00000E+00, 0.00000Z+00

ENDS

L045 _T RJ_._ ARRAY POR NOOZ 9003

0.00000E+00, 0.00000E+00, 0.00000E+O0. 0.00000E+00,

0.00000E+00. 2.15575E-02. 1.61625E+01. 5.27119_+01,

1.22107E+02, 1.42316E÷02, 1.4920SE+02, 1.42313E+02.

9.0850_E+01, $.2E268E÷01. 1._1598E+01o 2.15428E-02.

0.00000E_00. 0.00000K+00, 0,00000E+00, 0.00000K+O0.
ENDS

1855 HEAT I:_AT'_ ARRAy _$OR NOOE |010

0.00000Z+00. 0.00O00E+O0. 0.00000£+00, 0.00000E+00,

O.00000E+00. 4.9S320E-02, 3.23241[+00. 9.89_92E+00,

1.90_69E+01. 2.34123E+01, 3.10451E+01. 3.004_2E_01,

2.17|80K+01. _.03S74E+01. S.I3804K+00. 0.1_74|[-02,

0.00000E+00. 0.00000E÷00. 0.00000K+00. 0.00000K_00,
ENDS

18_$ HEAT ;_'CZ A_RAy FOR NOO_ 8015

0.00000Z+00, 0.00000[÷00. 0.00000E÷00. 0.0000OK+00.

0.00000K+00, |,1|21B[-02. E.8139|Z+00. [.703%?E÷01.

3.0_039K÷01. 3.29555E+01. 3.0_924E÷01. 2.1726_Z÷01.

1.3426S_+01, 1.99239K+O0, 3.03_10E+00, 4.94755K-02,

0.00Q00E+O0, 0.00000E÷O0, 0.00000Z+O0. 0.00000£+00.
_ND$

INTERPOLATION CALLS TO INPUT HEAT
APPROPIATE TIME

?.S9991E+01

I.l|$&4E+01

0.00000Z÷00

0.00000E+00
i

0.00000_+00

3.2014EE+01

4.138_H_E+01

0.00000E+O0

0.00000E+O0

O.O0000E÷O0

?.60239E÷01

1.1922_E÷01

O.O0000E+O0
0.00000E+00

0.00000E+00

3.2307&g+01

4.iE904E+OI

0.00000E+O0

0.00000g+00

0.00000E+00

1.21138E÷02

_.6279S[÷02

0.00000E÷00

0.00000Z+00

0.00000E+00

9.08_30g+01
1.21254E+02

0.00000[+00

0.00000£+00

0.00000[+00

8.99_08[+0_

L.22110K+02

0.00000K+00

0.00000K+00

0.00000g+00

9.08621Z÷01

1.22i_1E÷02

0.00000£+00

0.00000E+O0

0.00000Z+00

9.08636[+01
L.22103E+02

0.00000K+00

0.00000K+00

0.00000Z÷00

L.54|20E÷01

2.69|6S[+01
0.00000E+O0

0.00000E+O0

0.00000E*00

2.53060E+01

2.6021TE+01

0,00000K+00

0.00000K+00

RATES TO APPROPIATE NODE AT

9LI_DA(TZ_._4.A L,A 2, 4.L186[+02,0 I00L)$

_LI_A(TI_-_I,A L. A 3, 4.iL$6E+02.Q I002)5

:II._A(TI_-M.A I,A 4. 4.1_86E+02,_ 1003)5

3LI._A(TI_.A 1, A $, 4.LIE6E+02,_ 1004)$
DIIY_(T_M,A L. A 6. 4.1186E*02,Q L005)$

DII_:_A(TIH_M,A l. A 7, 4._II6E+02.Q 1006) S

311_A(TI_M.A I.A 8, 4.1186E+02,Q 1007)S

311MOA(T_M.A I,A 9. 4.1186E+02,Q 10C8)S

:11_0A(TIM]_M.A !,A 10. 4.1186E+02,Q 1009) $
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Introduction to Charter

Change of Phase

Because many engineering problems related to heat transfer and thermodynamics involve a
change of phase (solid/liquid or liquid/vapor), chapter three section one is included to

illustrate a simple technique, in SINDA, to account for a phase change. This chapter also
illustrates the versatility of the SINDA code, through use of so-called working arrays.
These arrays are useful ways of storing and summing variables during transient analyses.

Section two is included as a more detailed example, extending the techniques discussed in
chapter three, section one. This example also includes a specific application to an
engineering problem, related to the Shuttle program. Also included in this example is a
method for grid recession and for modeling temperature dependent rate reactions. While
this example has much detail and background information, it illustrates the fundamental
versatility of the analysis techniques, and codes.

Section 3 illustrates the analytical procedures used to calculate ice/frost formation on ET

surfaces. Early in the Shuttle program, engineering at MSFC recognized that excessive
formation of ice on the cryogenic External Tank (ET), represented a potential debris hazard
to the Orbiter tiles. Prior to launch of STS-1, precautions were taken through design, to
minimize formation of ice or frost on the ET. Along with this, analyses were undertaken to
quantify the potential for ice formation on tank surfaces. Because weight restrictions
prohibit preclusion of all ice formation on the tank, a finite probability of excessive ice
formation exists during severe weather in winter months. The example includes a very
conservative representation of potential ice formation, and also describes a procedure for
calculating condensate or frost formation in a humid atmospheric environment. The energy
balance described in the analysis includes both sensible and latent heat storage, and the
three modes of heat transfer. The example includes the same analytical procedure used for
prelaunch calculations for each Shuttle launch.
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CHAPTER 3: CHANGE OF PHASE

SECTION 1: Phase Change of a Metal

ANALYSIS CODE: SINDA (Gaski Version)

I. Preface to the Problem:

Following is a simple approach for modeling phase changes in physical
systems. This approach may be taken when analyzing spacecraft systems
that utilize phase change materials, such as those used in thermal capacitors.
The included example involves a metal with high heat flux and a quick
response.

The principle objectives of this section are to understand a physical
modeling technique, the use of "working arrays" and the use of specific
user-supplied subroutines, in SINDA.

II. Identification of the Problem:

A. Statement of the Problem:

Consider a 440C Stainless Steel specimen of length, 0.1", width, 0.1", and

thickness, 0.0025". The specimen is shown in Figure 1. If the specimen is

initially at a temperature of 2400 OF and heat is added to the upper surface
such that Q(t) = 1.0 BTU/ft2-sec, for a duration of 0.0005 seconds,

determine the transient temperature distribution in the plate for a 0.001
seconds period. Define when and where melting/vaporization occurs (if at
all). The lower side of the plate is insulated.

B. Schematic:

0.0025" F_'_400

F

Figure 1. Schematic of Stainless Steel Specimen
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lII.

C , Given:

1. Thermal properties of 440C Stainless Steel.
2. Uniform initial temperature of 2400°F.

3. Melting temperatm¢ of 2600 °F.
4. Vaporization temperature of 5000 °F.
5. Time dependent heat input.
6. Heat of fusion, 86.4 BTU/lbm.
7. Heat of vaporization, 2900 BTU/Ibm.

D. Find:

1.Transient temperature distribution through the specimen.

Formulation of the Problem:

A simple approach to modeling solid-to-liquid phase changes is to consider
the specimen as a 1-D stack of nodes, with an impressed heat load at the
surface. Such a nodal network is depicted in Figure 2.

q

/
nl

n2

°..

nm

Figure 2. One Dimensional Node Stack

Assuming an R-C network connecting the lumped masses (nodes), the
energy required to induce a phase change in node 1 is given by equation (1).

Q = (mass)*(heat of fusion). (1)

For a transient (SINDA) solution, equation (2) applies at each time step.

Q = (mass)*(specific heat).(delta T). (2)

However, a phase change occurs at constant temperature; hence there
should be no "delta T" during this process. If such information is not

conveyed to SINDA, the phase change must be modeled, separately, with
user-defined subroutines. While there are versions of SINDA which have
intrinsic routines that model a change of phase, this chapter is intended to

illustrate the use of "working arrays" and user-written subroutines;

consequently, these versions are not addressed here.

The model must be constructed with adequate information about the (phase

change) material. Time steps must also be sufficiently small such that node
melting and solidification occurs over several steps. Furthermore, the
accuracy of the energy balance is strongly dependent upon the time step. It
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should be noted that this constraint on the time step has nothing to do with
the numerical stability of the solution, but rather, with the accuracy of the
results.

One possible approch is as foLlows:

1. Check nodal temperatures, with respect to the phase change temperature
(Try).

2. If a phase change is occuring, calculate m.cp.AT for the surface node,
and store this value in the _ location.

3. Compare _ with the product, (mass)*(heat of fusion) to determine
whether the node has melted or solidified.

4. If the node is fully melted/solidified, cease checking for a phase change
in future time steps, for the surface node.

5. If the node continues to change phase, reset the temperature to Tpe and
continue stepping through the calculations.

This approach may be used on successive nodes in the 1. D stack. As nodes
are vaporized, they are disconnected from the network, and the active

surface moves through the network.

A convenient method of recording node status and energy is through use of
"working arrays". For each node, an array is established, in the array data
block, as follows:

ARRAY

LOCATIQN
1

DESCRIPTION
record melt status

2 record mass
3 store heat of fusion

4 sum energy input

0- unmelted

1 - melting
2- melted

As the transient solution progresses, the melt status location is used to select

an appropriate calculation procedure.

IV. Analysis:

Ae The Input Deck:

This section is included to describe how the (SINDA) input deck, presented
on the following pages, was developed. The "Gaski" deck comprises nine
major parts or "blocks". As many of these parts have been described in

previous chapters, emphasis will be placed upon the "working arrays" and
the user-written subroutines.

The Stainless Steel specimen has dimensions 0.1"x0.1"x0.0025" and is
modeled as a 1-D stack of 25 nodes. Heating is applied to the 0. l"x 0.1"
surface area of this I-D stack. The thickness of each element is 1.0E-4
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inch_ It is assumedthatthe initial andmelt temperaturesof the stack are

2400 °F and 2600 °F, respectively.

I. Working Arrays

Array numbers 1 through 25 correspond to nodes 1 through 25.
Each array has 12 entries which are addressed and used in
VARIABLES 1 and VARIABLES 2. Location 2 is used to store
the mass of each node. The melt status of each node is stored as an

integer in location 7. The heat of fusion is stored in location 8. The
enea'gystored in each node (i.e.Qjm) isstored in location9. The

vaporizationstatusof each node isretainedin locations10, 11 and
12. The node number corresponding to the active surface is

demrmined inVARIABLES I,by checking thevalue inlocation10.

Locations I,3,4,5,6,and 7 areinitiallysettozero.

2. User Subroutines

Calls to the user-supplied subroutines are magic in VARIABLES 2.
This block also contains the user subroutines entitled "QVAP" and

"QMELT". While these subroutines use basically the same logic,
one checks for vaporization of the surface node and the other for
melting. Working arrays, used in these subroutines check or reset
the melt/vaporization status, retrive thermal properties, and store the
summed heat load for each node. Note that, through the use of this

technique, a phase change may be modeled in either "direction" (i.e.
melting or solidification), depending upon the energy balance.
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SINDA INPUT LISTING

BCD 3THERMAL LPCS

BCD 9PHASE CHANGE (SOLID/LIQUID) IN THERMAL NETWORKS

END

C

BCD 3NODE DATA

C

C ONE D STACK, I.E-4 IN THICK NODES, 0.I" X 0.i" AREA

C CAPACITANCES ARE CALCULATED IN EXECUTIONS AND VARIABLES 1

C

GEN I, 25, I, 2400.0, 2.894E-8

C

C CONVECTION BOUNDARY

C

-9998, -230., 1.0 $ LOX BULK TEMP

C

C BOUNDARY FOR BULK BALL TEMP, CAN BE TIME VARYING FOR WHITE

C SANDS 0.05" TC

C

-9999, 2400.0, 1.0 $ BULK BALL TEMP

C

END

BCD 3CONDUCTOR DATA

C

C VARIABLE CONDUCTIVITY CONDUCTORS

C

SIV I, i, 2, A4000, K1

SIV 2, 2, 3, A4000, K2

SIV 3, 3, 4, A4000, K3

SIV 4, 4, 5, A4000, K4

SIV 5, 5, 6, A4000, K5

SIV 6, 6, 7, A4000, K6

SIV 7, 7, 8, A4000 K7

SIV 8, 8, 9, A4000 K8

SIV 9, 9, I0, A4000 K9

SIV i0, I0, ii, A4000 KI0

SIV ii, ii, 12, A4OO0 KII

SIV 12, 12, 13, A4000 KI2

SIV 13, 13, 14, A4000, KI3

SIV 14, 14, 15, A4000 KI4

SIV 15, 15, 16, A4000 KI5

SIV 16, 16, 17, A4000 KI6

SIV 17, 17, 18, A4000 KI7

SIV 18, 18, 19, A4000 KI8

SIV 19, 19, 20, A4000 KI9

SIV 20, 20, 21, A4000 K20

SIV 21, 21, 22, A4000 K21

SIV 22, 22, 23, A4000 K22

SIV 23, 23, 24, A4000, K23

SIV 24, 24, 25, A4000, K24

SIV 25, 25, 9999, A4000, K25

C

C CONVECTION CONDUCTORS

C CALCULATED IN VARIABLES 1 FOR FIRST AVAILABLE SURFACE

C CAN BE SET FOR MOLTEN PARTICLES WHICH LEAVE SURFACE

C

GEN i001, 25, i, I, I, 9998, 0, 0.0

C

END

C

BCD 3CONSTANTS DATA
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NDIM, 1500

DTIMEI_ 5.E-7

DTIMEH, 5.E-7

NLOOP, i000

C

C MODEL RUNS IN MICROSECOND RANGE

C

TIMEND, 1000.E-6

OUTPUT, 10.E-6
C

C MAX TIME STEP IS 5.E-7 BASED ON C/GSUM

C MAY NEED TO BE SMALLER TO GO THROUGH HEAT OF FUSION
C ACCURATELY

C

BALENG, 0.0001

ARLXCA, 0.001

DRLXCA, 0.001

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

C

C CONSTANTS FOR CONDUCTORS

C THESE ARE RESET WHEN SURFACE CONSUMES ITSELF

C CAN BE DISCONNECTED WHEN SURFACE MELTS (FOR ROTATING CASES)
C

GEN i, 25, i, 8.33

C

C Q LOCATION POINTER

C

i001,0

1002,0.

C

C RHO*VOL

C

5000, 2.8935E-7

C

C CONVECTION H_A FOR QUENCH OF MOLTEN PARTICLES AFTER LEAVING
C SURFACE

C

5001, 4.E-4

8000, 0.0

END

BCD 3ARRAY DATA

C

C WORKING ARRAYS

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

+i NOT USED IN THIS MODEL

÷2 MASS (LB)

+3 NOT USED IN THIS MODEL

+4 NOT USED IN THIS MODEL

+5 NOT USED IN THIS MODEL

*6 NOT USED IN THIS MODEL

-7 MELT STATUS 0 - UNMELTED

I - MELTING

2 - MELTED
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C +8 HEAT OF FUSrON (BTU/LB)
C

C +9 MELT QSUM (BTU)
C

C +I0 VAPORIZATION STATUS 0 - UN%_APORIZED

C 1 - VAPORIZING

C 2 - VAPORIZED
C

C +ii HEAT OF VAPORIZATION (BTU/LB)
C

C +12 VAPORIZATION QSUM (BTU)
C

i, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

2, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

3, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

4, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

5, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., O, 2900., 0., END

6, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

7, O, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., O, 2900., 0., END

8, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., O, 2900., 0., END

9, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

i0, 0, 2.894E-7, 0.,0.,0.,0.,0, 86.4, 0., O, 2900. 0., END

II, 0, 2.894E-7 0.,0.,0.,0.,0, 86.4, 0., 0, 2900. 0., END

12, 0, 2.894E-7 0.,0.,0.,0.,0, 86.4, 0., 0, 2900. 0., END
13, 0, 2.894E-7

14, 0, 2.894E-7

15, 0, 2.894E-7

16, 0, 2.894E-7

17, 0, 2.894E-7

18, O, 2.894E-7

19, 0, 2.894E-7

20, 0, 2.894E-7

21, 0, 2.894E-7

22, 0, 2.894E-7

0.,0.,0.,0.,0, 86.4, 0., 0, 2900.

0.,0.,0.,0.,0, 86.4, 0., 0, 2900.

0.,0.,0.,0.,0, 86.4, 0., 0, 2900.

0.,0.,0.,0.,0, 86.4, 0., 0, 2900.

0.,0.,0.,0.,0, 86.4, 0., 0, 2900.

0.,0.,0.,0.,0, 86.4, 0., 0, 2900.

0., END

0., END

O., END

0., END

0., END

0., END

0.,0.,0.,0.,0, 86.4, 0., 0, 2900. 0., END

0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

0.,0.,0.,0.,0, 86.4, 0., O, 2900., 0., END

0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

-300.,

0.,

700.,

1400.,

2000.,

END

C

23, 0, 2.894E-7 0.,0.,0.,0.,0, 86.4, 0., 0, 2900., 0., END

24, 0, 2.894E-7 0.,0.,0.,0.,0, 86.4, 0., O, 2900., 0., END

25, O, 2.894E-7, 0. 0.,0.,0 0, 86.4, 0., 0, 2900. 0 END
C ' "' , .,

C VARIABLE CONDUCTIVITY

C

4000 $ THERMAL COND VS TEMP (440C) BTU/SEC-FT-F
3. I08E-3

3. 756E-3

4.332E-3

5. 724E-3

6. 948E-3

C VARIABLE CAPACITANCE

C

5000 $ THERMAL CAPACITANCE VS TEMP (440C) BTU/LBM-DEG F
-300., 0.0948

200., 0.1138

1400., 0.1801

2100., 0.2275

END

5001 S DUMMy

0.0, 0.0

0.0, 0.0

END

C

C CYCLIC HAETING ARRAY FOR ROLLING BALL

C CAN BE CONSTANT FOR WHITE SANDS OR FOR NBS
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2000

0.0, i .0

500.0E-6, 1.0

500.IE-6, 0.0

I000.0E-6, 0.0

END

C

C CYCLIC CONVECTION ARRAY FOR ROLLING BALL

C

3000

0.0, 0.0

10.E-6, 0.0

10.01E-6, 0.0E-4

338.E-6, 0.0E-4

END

C

F

F

F

F

C

C

END

BCD 3EXECUTION

OPEN (3, F I LE-" SAB. PLT", STATUS-" UNKNOWN" )

WRITE(3,2) NX(1), (NX(I),I-5,25,5)

2 FORMAT (/, 3X, 'TIME' ,4X, 6 ( ' NODE '),/,

• 3X, 'SEC ',5X, 6(I5,5X),/)

C CALCULATE CAPACITANCE

C

F DO 4 I-l, 25

F TEMP-T (I)

M CALL DIDEGI(TEMP,A50OO,CAP)

M CAP-CAP'XK5000

F C(I)-CAP

F 4 CONTINUE

C

F DTIMEI _ 5.E-7

F DTIMEH - 5.E-7

F NLOOP - i000

F TIMEND - 1000.E-6

F OUTPUT - 10.E-6

F ARLXCA - 0.001

F DRLXCA - 0.001

F TIMEO = 0.0

F DAMPA _ 0.5

F DAMPD - 0.5

C

F CALL FWDBKL

END

BCD 3VARIABLES i

C DETERMINE FRICTIONAL HEATING

C

M i CALL DIDEGI(TIMEN,A2000,FQ)

C

C DETERMINE CYCLIC CONVECTION

C

M CALL DIICYL(338.E-6, TIMEN, A3000,GCONV)

C

C CALCULATE CAPACITANCE

C

F DO 4 I=l,2b
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F

F

F

C

C

C

F

F

F

C

F

F

C

C

C

F

F

C

C

C

F

C

F

M

M

F

C

C SET

C

M

C

F 4

C

C SET

C

F

F

F 15

C

TEMP-T(I)

CALL DIDEGI(TEMP,A5000,CAP)

CAP_CAP*XK5000

C(I)-CAP

CONVECTION TO 0 UNTIL FIRST ACTIVE SURFACE IS DETERMINED BELOW

G(1001+I-I)-O.

CONTINUE

POINTER FOR FIRST ACTIVE SURFACE

DO 15 1"1,25

IF (IA(II+I3*(I-I)).NE.2)GO TO 18

CONTINUE

C IMPOSE FRICTIONAL Q

C

F 18 CONTINUE

F Q(I)'Q(I)+FQ

F STQ-Q(I)

F 19 CONTINUE

C

C SET

C

M

C

CONVECTION

G (1001+I-l) -GCONV

C STORE POINTER

C

M KI001-1

M XKI002-STQ

C

FI000 CONTINUE

C

END

C

BCD 3VARIABLES 2

DETERMINE MELTING

DO 5 1"1,25

CALL QMELT(T(I),A(I+I3"(I-I)),IA(I+I3"(I-I)),XK(1))
5 CONTINUE

DETERMINE VAPORIZATION

DO 6 1-1,25

CALL QVAP(T(I),A(I+I3*(I-I)),IA(I÷I3"(I-I)),×K(I))
CONTINUE

RETURN

END

VAPORIZATION ROUTINE

SUBROUTINE QVAP(TEMP,CA, ICA,GCOND)

DIMENSION CA(1),ICA(1)

DETERMINE IF NODE IS COMPLETELY CONSUMED

IF(ICA(2} .EQ.3)RETURN

3-1-9



c

C DOES NODE MEET VAPORIZATION TEMPERATURE REQUIREMENTS

C

F IF(TEMP.LT.5000.0)RETURN

C

C IS NODE COMPLETELY VAPORIZED

C

F IF(ICA(II) .EQ.2)RETURN

C

C CALCULATE M*CP*DELTA-T FOR LAST TIME STEP

C

F CA(13) -CA(13) ÷CA(3) " .2275- (TEMP-5000.)

C

C CHECK FOR COMPLETE VAPORIZATION

C

F IF(CA(13) .GE.CA(12)_CA(3))GO TO 25

C

C RESET TEMPERATURE TO VAPORIZATION TEMPERATURE

C SET VAPORIZATION STATUS TO VAPORIZING

C

F TEMP-5000.

F ICA(II) -i

F RETURN

C

C SET VAPORIZATION STATUS TO VAPORIZED

C DISCONNECT FROM NETWORK

C

F 25 ICA(II)=2

F GCOND-I.E-8

F RETURN

F END

C

C MELTING ROUTINE

C

F SUBROUTINE QMELT(TEMP,CA,:CA, GCOND)

F DIMENSION CA(1),ICA(1)

C

C IS NODE COMPLETELY CONSUMED

C

F IF(ICA(2).EQ.3)RETURN

C

C DOES NODE MEET MELT TEMPERATURE REQUIREMENTS

C

F IF(TEMP.LT.2600.O)GO TO I00

C

C IS NODE ALREADY MELTED

C

F IF(ICA(8) .EQ.2)RETURN

C

C CALCULATED M-CP*DEL-T FOR LAST TIME STEP

C

F CA(IO)_CA(IO) +CA(3)-.2275 _(TEMP-2600.)

C

C CHECK FOR COMPLETELY MELTED

C

F IF(CA(10) .GE.CA(9)-CA(3))GO TO 25

C

C RESET TEMPERATURE TO MELT TEMPERATURE

C SET MELT STATUS TO MELTING

C

F TEMP=2600.

F [CA(8}_I

F RETUT_
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C

F

F

F

F

C

F

M

M

M

F

F

F

F

F

C

C

C SET MELT STATUS TO MELTED

C

F 25 ICA(8)-2 o

F TEMP-2600.

C

C REMOVE LIQUID NODE FROM MODEL FOR ROTATING CASES

C MAY WANT TO CHANGE TO A CONVECTIVE G TO SIMULATE COMBUSTION

C PRODUCTS INTERFACING WITH NEXT LAYER OR MAY USE A LIQUID

C CONDUCTIVITY

C

F GCOND-8.33

F RETURN

C

C ALLOW FOR RESOLIDIFICATION

C

F I00 IF(ICA(8).EQ.2 .OR. ICA(8).EQ.I)GO TO ii0

F RETURN

F Ii0 CA(10)-CA(10)-CA(3)*.2275*(2600.-TEMP)

F IF(CA(10).LE.0.0)GO TO 120

F TEMP-2600.

F ICA(8)-I

F RETURN

F 120 ICA(8)-0

F CA(10)-O.

F GCOND-8.33

C

END

BCD 3OUTPUT CALLS

WRITE(3,1_TIMEO, T(1), (T(I),I-5,25,5)

1 FORMAT(El0.3, (6FI0.3))

CALL STNDRD

WRITE(6,99)

99 FORMAT(/,. NODE TEMP STATUS QCOMB

* ' M-STAT Q-MLT V-STAT QSURF',/)

GCOND GCONV Q-LOC',

DO 200 I=1,25

GCONV-G(1001+[-I)

IQ-K(1001)

STQ=XKI002

WRITE(6, 100)I,T(I),IA(2+(I-I)-13),A(7+(I_I),I3),G(1),GCONV, fQ,

• IA(8+(I-I)-I3),A(10+(I-I),13),IA(II+(I_I) "13),STQ

i00 FORMAT (IX, 13, iX, F7. i, I×, I2, IX, E8.3, IX, ES. 3, iX, E8.3, 1X, i3, 2X, 12,

" 2×, ES. 3,2X, I2,2X, E8.3)

200 CONTINUE

END

BCD 3END OF DATA
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V. Presentation and Discussion of Results:

A. SINDA Output File:

The output file corresponding to the example in Section IV.A is presented
on the following pages. Output was generated using user-supplied
FORTRAN statements in the OUTPUT CALLS block. The tide heading for

each column is given below:

TrrLE
NODE
"IXMP
STATUS

QCOMB
CoCOND

GCONV

Q-LOC
M-STAT

Q-MLT
V-STAT

QSURF

STORhTD VALUE
Node number

Node temperatue, °F
Not used in this chapter
Not used in this section
Conduction conductor
Convection Conductor
Active surface node number

Node melting status
Summed phase change energy
Node vapor status
Summed vaporization energy

As seen from this output file, node 1 is melting at TIME = 2.00E-4
seconds, at which time it's temperature is 2600 °F and the melt status is 1.

At the next print time, nodes 1 and 2 have a melt status of 2, indicating that
these nodes have already melted. Node 3 is in the process of melting as

evidenced by the fact that M-STAT = 1. At this print interval, the active
surface is still node 1 and the temperatures of nodes 1 and 2 are greater than
the 2600 °F melt temperature. It should be noted that the actual print time
used for this analysis was 10.E-6 seconds. However a, longer print
interval was used to generate the SINDA output file presented, here. This
action was taken to reduce the amount of printout.
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SINDA OUTPUT LISTING

(C) CCffYIUG2T 1_ 1J413 1084,£000.1X0,1007 J.0.fJ_l[I SXNOJVI$O?/NI$I 1.31 NlI111GItl ANALYSIS ASSOCI&TZS, rNC. - PAGI

PllAOIL CIUillql, (O_LI_/X_TI_I II _ IIIlTII_ILO

°** 1_ ,** _ IP.IQWn_IW
177 _C $"/_iUt_l LOCATXOIII OUT Off 1333 AVAZXJtaL,B "**

?DIgrD-- 0.100001P-02, C$i_AC- 1.0000 , D'I'DWI- 0.$00001-00. _ , 1000
?_EO - 0.00000 , OU'I"F'v'T- 0.I00002-03, DTZIIJ_ 0.500002-00, _1"2/_1#- 0.00000

AIIL3r.A-- 0.100002-02. A_ 0.00000 , I:RLXCA- 0.I00002-02. _ 0.100001+00EXTLZN,,,, ";0. 000

*e • Iii iii• l Ii 111e t lllle Iii ii Ii

TZNg- 0.0000014.00. _ 0.00000E+00o C_IGNZN( 0)- 0.00000E÷00, A_qq::C( 0)- 0.000002+00. D_CI 0|-0. 000001+00

0

0. 000001+00 , AIU.J_C i 01- 0. 000002+00, OltI..1:C¢ ( 0) -

NOO2 _ STATI=S _ _ G¢_IV Q-LOC N-St'AT Q-NLT V-STAT _tmr

1 2400.0 0 .0001000 .$T91-01 .0002000 1 0 .000I+Q0 0 .1001001

2 2400.0 0 .0001000 .5?911-01 .0002+00 1 0 .0002+00 0 .1002001

3 2400.0 0 .0002400 .57_II-01 .000|400 I 0 .000l+O0 0 .100E÷01

4 2400.0 0 .0002+00 .57911-01 .000|+00 I 0 .000l÷00 0 .1002401

$ 2400.0 0 .0002400 .$792-01 .0002400 I 0 .0001400 0 .100B+01

4 2400.0 0 .000It00 .$?U-OI .0002400 I 0 .000l+00 0 .I001÷01

7 2400.0 0 .000l+00 .$?91-01 .0002÷00 1 0 .000E+O0 0 .I001+01

l 2400.0 0 .0002400 .57_1-02 .0002÷O0 1 0 .0002400 0 .1001001

9 2400.0 0 .000E÷00 .5792-01 .0002+00 1 0 .0002*00 0 .1002+01
10 2400.0 0 .0002÷00 .$792-01 .0001+00 I 0 .000E+O0 0 .i00E÷01

II 2400.0 0 .0002+00 .$792-01 .0002÷00 i 0 .0002400 0 .1001401

12 2400.0 0 .000E+O0 .5?91-01 .000l+00 1 0 .0001+00 0 ,1001+01

13 2400.0 0 .0001÷00 .$792-01 .0002÷00 1 0 .0002÷00 0 .I001÷01

14 2400.0 0 .0002÷00 .5T$2-02 .0001000 1 0 .0001÷00 0 .I001÷01

15 2400,0 0 .0002÷00 .$?92-01 .000E+O0 1 0 .0002÷00 0 .1001001

1£ 2400.0 0 .000E+00 ,$792-01 .0002÷00 1 0 .0001+00 0 .100E÷01

17 2400.0 0 .0002÷00 .$702-01 .0001+00 1 0 .0002÷00 0 .1001001

11 2400.0 0 .000E+00 .$?92-01 .0001+00 I 0 .0002÷00 0 .1001+01

19 2400.0 0 .0002400 .$7911-01 .0002+00 i 0 .0002400 0 .1001÷01

20 2400.0 0 .0002÷00 .5791-01 .0002÷O0 1 0 .000B÷00 0 .1001001

21 2400.0 0 ,0002÷00 .5701-01 .0001÷O0 1 0 .000E÷00 0 .1001001

22 2400,0 0 .0002+00 .$752-01 .000E÷00 1 0 .0001000 0 .1001÷01

23 2400.0 0 .0002000 .5?91-01 .000E+00 1 0 .0002÷00 0 .1001001

24 2400.0 0 .0001400 .$791-01 .0002400 1 0 .0002÷00 0 .I001401

25 2400.0 0 .5002+00 .$792-01 .000l÷00 1 0 .0001000 0 .1001÷01

*e el* ell*t*

TII tlEm 1.000001-04, OTZlmL_m 2.5011|E-07, CSG;MIN( 2) m 5.£16131-07, AT/Q'CC(2.2151_1-01

LCCffCT- 4

2.441411-04 , ARY.JCCC(

0)- 0.000001+00, DTMPCC( t).

0)- 0.00000E+00o 0RLXCC( 2)--

MODE TOB 9TATU$ _ GC01iD GCONI/ Q-[EC N-STAT Q-NLT V-STAT _URF

i 2574.$ 0 .000E+00 .5796-01 .0002+00 I 0 .000E÷00 0 .100E+01

2 2550.0 0 .0001000 .5791-01 .0001000 1 0 .0001÷00 0 .100g÷01

] 2S42.5 0 .0002÷00 .5791-01 .0002÷00 I 0 .0001÷00 0 .1001÷01

4 2521.1 0 .000l÷00 .$792-01 .0001÷00 1 0 .000E+00 0 .i00E÷01

5 2515.4 0 °0002+00 .$79E-01 .0002÷00 I 0 .0001_00 0 .1001001

4 2S03.2 0 .0002400 .$702-01 .0001400 I 0 .0001÷00 0 .1001÷01

7 2402.0 0 ,0001÷00 .5792-01 .0001÷00 1 0 .0001÷00 0 .1001001

l 241I.£ 0 .000E÷00 .57911-01 .000E+O0 1 0 .000E+00 0 .1001÷01

9 2472.2 0 .0002÷00 .57_)E-01 .0001÷00 1 0 .0001000 0 .1001÷01

10 24_3.4 0 .000E÷O0 .5791-01 ,0002÷00 I 0 .000E÷00 0 .1001001
11 2455.? 0 .O00E+O0 .$7_-01 .000E÷O0 1 0 .000B+O0 0 .I00E_01

12 2441.? 0 .0002+00 .S?�l-01 .0001000 1 0 .0001÷00 0 .1001001

13 2442.3 0 .0001000 .$791-01 .000E+00 1 0 .0001÷00 0 .1008÷01

14 2400._ 0 .0002000 .5792-01 .0001÷O0 1 0 .0001000 0 .1001001

_$ 2431.S 0 .0002÷00 .5792-01 .0002000 1 0 .0001000 0 .1001001

1£ 242£.9 O .0002÷00 .57011r,-01 .0001÷00 1 0 .000_÷00 0 .looE÷ol

17 2422.1 0 .0002+00 .$791-01 .0002+00 1 0 .000E÷00 0 +I00E+01

11 2419.2 0 .0002+00 ,5792-01 .0002000 1 0 .0001000 0 .1001÷01

19 2415.9 0 .0002÷00 .$791-01 .0002÷00 1 0 .000E+00 0 .1001÷01

20 2413.0 0 .0002÷00 .57911-01 .0001÷00 I 0 .0001*00 0 .1001+01

21 240o,4 o .oool÷oo .s?'xt-o_ .oooz÷oo z o .ooo_+oo 0 too_+ot
22 2401.0 0 ._414)11÷00 .57'51-01 .000l÷O0 l 0 .000E÷00 0 .100_001

23 2405.9 0 .0001_00 .STY-01 .0002000 1 0 .000E÷00 0 ,100E÷OI

24 2403.1 0 ._0_'00 .5791-01 .0002+00 1 0 .0001+00 0 .1001+01

25 2401.9 0 ._lr,÷o2 .$?_2-Ol .oooE+oo 1 o .oooE+oo o .1001÷01

llellell_letel_ll

TII,_- 2+000011r,--04. _ 2.50111|-0?, CSGN/N( 2)- 5.41£131-07, ATI_'CC(
1.£394024.00

LOOt_:T- '3
7.324221-04 . ARLXCCI

0)- 0.00000E+00o DTMPCCI 1)-

0)- 0.00000_+00. 0_C1 111-

NODE TDa_ STATUS QCC]H_ G¢OND GCONV Q-LC¢ Pl-STAT Q-HLT V-STAT QSURF

1 2£00.0 0 .0001÷00 .$791-01 .0002000 1 1 .2031-04 0 ._001001

2 2591.0 0 .0002+00 .5791-01 .0001÷00 1 0 .0001+00 0 ,1001÷01

3 2510.1 0 .0001+00 .579_-01 .0001+00 I 0 .000_÷00 0 .1001÷01

4 2570.£ 0 .0001÷00 .5791-01 .0001÷00 I 0 .0001000 0 .I00E+01

$ 25E0.5 0 .000E÷00 .5701-01 .000E÷00 1 0 .0001+00 0 .1001001

4 2550._ 0 .000E÷00 .5791-01 .000E÷00 1 0 .0001000 0 ._001001

7 2540.1 0 .000E÷00 .$?91-01 .0001÷00 1 0 .0001÷00 0 +1001÷01

l 2531.2 0 .000E+00 .5791-01 .0001÷00 1 0 .000E000 0 11001001

9 2521.8 0 .000E÷OO .57_E-01 .000_÷00 1 0 ,000[÷00 0 .100[001

10 2512.7 0 .000E÷00 .5701-01 .0001+00 1 0 .000E000 0 +I00_+01

11 2503.9 0 .000E+00 .$7_E-01 .000E÷00 l 0 ,000_00 0 .1001001
12 2495.3 0 .000E+00 .5791-01 .0001000 I 0 .0001÷00 0 ._001001

13 2487.0 0 .000E+00 .5791-01 .0001000 1 0 .0001000 0 +100E_01

3-1-13



?,4 247|.$

IS 2471.2

IE 2463,7

17 24S6,5

18 2449.S

19 2442.4

20 24:36.3

21 2430.0

22 2423.0

23 2417.7

24 2411.4

O ,000E+00 .$?gZ-Q1 .0001÷00 1 0 .000Z÷00 0 .1004÷01

0 .000Z_00 .S79Z-01 .000Z÷00 1 0 .000E+00 0 .1004÷01

0 .000E+OO .$794-01 .000E+00 1 0 .000E+O0 0 .1004÷01

0 .000E+00 .S75g-01 .000_+00 1 0 .000E÷0O 0 .1004÷01

0 .000g+00 .S754-01 .000E+00 1 0 .000E÷00 0 .1004+01

0 .000B+OO .$754-01 .00OE+00 1 0 .000E÷00 0 .1004+01

0 .000E_00 .$794-01 .000E_00 1 0 .000E+O0 0 ,100_0L

0 .000g_00 .$794-01 .0OOg+00 1 0 .000E+00 O .1004_01

0 .000E+00 .5754-01 .000g+00 1 O .0OOE÷00 0 .1004÷01

0 .000E_00 .575g-01 .000g_00 1 0 .00OE+00 0 .1001+01

0 .000E÷O0 .S794-01 .000_÷00 1 0 .000E÷00 0 ,100Z+01

2S 240S.$ 0 .000E_O0 .$754-01 .000g÷O0 1 0 .000E+00 0 .1004+01

ow • ows wsw mw ewe • a •

T_- 3.000022-04, DTIY_U- 2.$01184-07. C3G_UN(

1.6811SZ÷00

b0OPCT- 4

2.441414-04

2)- 5.686434-07, A_IPCC(

, ARLXCC(

NODS _ STATUS _ GCCIND C,CONV Q-fJOC Y_-STAT Q-flLT.T V-STAT _URL r

1 2635.8 0 .000g_00 .$79g-01 ,000E_00 1 2 .2514-04 0 .100g+01

2 2615.5 0 .000E÷0Q .579_-01 .000E+00 1 2 .2504-04 0 .1004+01

3 2600.0 O .Q00E+Q0 .5754-01 .00QE÷00 1 1 .4271-0S 0 .I004+01

4 2590.8 0 .O00E+00 .5791-01 .000_÷O0 1 0 .000K+Q0 0 .1004+01

5 2500.$ 0 .00OE÷00 .$75g-01 .000E÷O0 1 0 .000_+00 0 .1004÷01

6 25_0.3 0 .000E÷00 .S79B-01 .00OE+O0 1 0 .000E+00 0 .I00g÷01

? 2S_1.2 0 .000E+00 .$79g-01 .000E_O0 1 O .000E÷00 0 .1OOg÷01

8 2S$0.3 0 .000g+00 .5794-01 .000E+00 i 0 .000E÷0O 0 .1004÷01

9 2540.7 0 .000K÷00 ,S?Sg-01 .000E+00 1 0 ,000E÷00 0 .1004_01
.O00E÷O0 1 0 ,O00E_O0 0 .IOOE÷Ol10 2S31.3 0 .000_+00 .5794-01

11 2522.0 0 .000g+00 .5754-01 .00OE+00 1 0 .000E÷00 0 ,1004+01

1_ 2513.0 0 .000g÷00 .579E-01 .000B÷0O 1 0 .000E+00 0 ._00E÷01

1_ 2S04.2 0 .000g_00 .5794-01 .000E÷00 1 O .000E÷00 0 .1004+01

• _ 24_5._ 0 .000E÷00 .$75_-01 .000E+00 1 0 ,00OE÷00 O .1002+01

_5 2407.1 0 .000E+00 .5754-01 .000E_00 1 0 .000E_O0 0 .100_+01

16 2470.8 0 .000E+00 .5794-01 .000E÷00 1 0 .000[÷00 o .i00[+01

_7 2470.6 0 .0OOE+00 .$79g-01 .0O0E÷O0 1 0 ,0008+00 O .1004_01

_8 2442.4 0 .000E÷O0 ,$79_-01 .000_÷0O 1 0 .000_+00 0 .1004÷01

19 2454.4 0 .000E+O0 .57_-01 .000E+0O 1 0 .0O0E+00 O .10O_+Ol

20 2446.$ 0 .000E+O0 .579E-01 .0OOE+00 1 O .000_+00 0 .10OE+01

21 243|.E 0 .000E+00 .$79E-01 .000Z+00 1 0 .00OE+00 0 .100Z+01

22 2430.8 0 .0O0Z+00 .579B-01 .000E_00 1 0 .000E÷0O 0 .100E+01

23 2423.1 0 .000E+0O .579B-01 .000g÷00 1 0 .000[÷00 0 .100E÷01

24 2415.4 0 .000E+00 .579E-01 .00OE_00 1 0 .000E÷00 0 .100E+01

25 2407.7 0 .O00E÷O0 .579E-01 .000E÷00 1 0 .000E+00 3 .I00E÷01

TIt'S- 4.00003Z-04, DTZMEU- 2.50118E-07. CSGMIN ( 2)- 5.64603E-07. AT'ME'CC(

1.8725_K+00
A_LXCC (L_OPC"Z _ S

0.00000_÷00

_(3DB TFJ_ STATUS _CONB GCOND GCOgV Q-_ _-STAT Q-MLT V-STAT QSURF

1 2653.4 0 .000E+00 .579E-01 .O00E+00 1 2 ,251E-04 0 ,100E+01

2 2636.1 0 .000[+00 .579E-01 ,000E+00 1 2 .250E-04 0 .100Z+01

3 2616.7 0 .000E÷O0 .579E-01 ,000E+O0 1 2 ,252E-04 0 .L00E÷01
4 2600.0 0 ,000Z÷O0 .579_-01 .000_+00 1 1 .1_2E-04 0 .Z00E+01

5 2591.6 0 ,000E÷O0 .579[-01 .000Z÷O0 l 0 .000Z÷00 0 .100E+01
6 2582.0 0 .000E+00 .$79E-01 ,000E+00 1 0 .000E+00 O .100_+01

7 2572.3 0 .000E+00 .579_-01 .000E÷00 I 0 .000Z÷00 0 .100B+01

4 2562,5 0 .000E+O0 .$79_-01 .000Z+00 1 0 .000E+00 0 .i00E+01

9 2552,$ 0 .000E+00 .$79E-01 .000_+00 1 O .000E+00 0 .i00E+01

10 2543.3 0 .000E+00 .579E*01 .000_÷00 1 0 ,000Z+00 0 .L00[÷01

11 2533.1 0 .000E÷O0 .579E-01 .000E÷00 1 0 .000E÷00 0 .100E+01

12 2524.4 0 .000E÷00 .579E-01 .000E÷00 I 0 .000E÷00 0 ,100[÷01

13 2515.0 0 .000E÷00 .579_-01 .000E+00 1 0 .000E+00 0 .100E÷01

14 2505.7 0 .000E+O0 .579E-01 .000E+00 1 0 .000E_00 : ,100E+O1

15 2496.6 0 .000Z+O0 .$79_-01 .000¢+00 1 0 ,000E+00 0 .100E+O1

16 2487.5 0 .000Z÷O0 .$79E-01 .000Z+O0 1 0 .000E+00 0 Z00E+O_

17 2478.5 0 .000E+00 .579g-01 .000Z+O0 I 0 .0a0E+o0 0 ,lo0E+ol

IS 2469,6 0 .000_÷00 .579g-01 _000Z÷O0 1 0 .oo0z÷o0 0 .I002+01

19 2460.7 0 .000E÷O0 .579E-01 .000Z÷O0 1 0 .000Z+OO 0 ,100E÷01

20 2451,_ 0 .000Z+00 .579E-01 .000Z+00 1 0 .000K+00 0 .100E÷01

Z1 2443.2 0 .000_÷00 .579E-01 .000Z+00 1 0 ,000_÷00 0 100E_01

22 2434.5 0 .000E+00 .579E-01 .000E+00 1 0 .000E÷00 0 .100E÷01

23 2425.8 0 .000g÷OO .579E-01 .000E+O0 1 0 ,000E+00 0 .i00E÷01

24 2417.2 0 .000g÷00 .579_-01 .000E+00 1 0 .000Z_00 0 ._00E_01

25 2401.6 O .0O0E÷00 1579_001 .000E÷00 1 0 .000E+00 0 ,100E+01

TI_- $.00004E-0 • OTI_U- 2.50115E-07, CSGMIM( 2)- 5,_8643E-07. ATMPCC(

3._5020E-01

LO(_CT- 4 . A._LXCC[

4.88251£-04

HOD[ TEMP STATUS QCCMB GODMD GCOW Q-L_X: H-$TAT Q-HLT V-STAT C_SURF

1 2670.6 0 .000E+00 .$79E-01 ,000[÷00 1 2 .251E-04 0 .964E+00

2 2653.6 O .000E÷O0 ,579_-O1 .000E+00 l 2 .250E-04 0 964E÷00

3 2636._ 0 .000E+O0 .579[-01 .000E+O0 _ 2 .252E-_4 O _64E_O0

4 2621.0 0 .000E+00 .579[-01 .000E+O0 1 2 251E-04 0 964E÷00

5 2606,6 0 .000[÷00 .579E-01 .000E+00 l 2 .25IE-04 0 964E_00

6 2593.8 0 .000R÷00 .579E-01 .000E+00 1 0 O00E+O0 0 964E+00

? 2582,5 0 ,000E+00 .579E°01 ,000Z÷00 _ 0 .000E+O0 _ 364E+00

8 2572.1 0 .000E+00 .579K-01 .000E÷00 _ 0 .000E+00 _ 964E*00

2562.1 0 .000E+00 .579E-01 .000Z÷00 i 0 000E*00 _ _64E+00

10 2552.2 0 .000E_00 ,579Z-01 ,000Z_00 1 0 000E'00 0 364E+00

l_ 2542,4 0 .000E+00 .579[-01 ,000E+00 l 0 ._0OE-00 _ _64E÷00

12 2532.6 0 .O00E÷O0 579E-01 .O00E+O0 I 0 _OOg*_O _ _64E+_0

13 2522._ 0 .000E_00 579[-01 .000E+00 1 0 .C00E,00 0 _64E*00

14 2513.2 0 .000E*00 ,57gE-01 .000E+00 1 0 _CCE*_ _ }64E*00

15 2503.6 0 .000E÷O0 .579E-01 .000E+00 1 0 .0COE-,_C _ _64E*_

16 2494.0 0 .000E+00 ,579_-0L 000E+00 1 0 _00E-00 _ )64E+C0

0)- 0.00000_+00. DTMJPCC(

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E÷00, O'F_I_CC[

0)- 0.00000E+00, DRLXCC(

0)- 0.00000E+00, DTHPCC(

0)- 0.00000Z+00, DRI.,XCC(

3)-

5)-

4)-

ii-

5)-

_-I-14



t7 2484.4 0 .0001`+00 ..5791`-01 .00014-00 1 0 .000ur+O0 0 .9141500

1| 2474.9 0 . 0001_OO .57518--01 .0001`500 1. 0 • 000E+'00 0 • 96411+00

19 2455.4 0 • 00014'00 .$?91`--01 .0001`÷40 I. 0 • 000U+00 0 .9141`4"Q0

20 24S4.0 0 .04011+00 .S?91`-01 .0001540 1 0 .0O011÷00 0 .9141÷Q0

21 244,1.4 0 .00014.051 .5?91`-01 .000u<'00 1 0 .04:01+00 0 .914u500

25' 243T.3 0 . 00014'00 .$`751`-02 .000|+00 1 0 .00014500 0 .91.41500

23 242?.g 0 .0'11014'00 .5791-01 .00015'00 I 0 .00015.00 0 .914|+.00

24 2411. I 0 . 00114'00 .571HI-01 .00015.00 L 0 .0001÷00 0 .94415.00

25 2409.3 0 .0`001500 .5791`-01 .00Ol+.00 i 0 .00011+00 0 .9,141`÷00

llllllllllllllill

Tt)g',' 1.000051-04, DTZ_U,,,, 2.502181-07, C$OIZJlI( 2)" $.illl3tt-0?, AT'/Gt'CC(
1. ?52201`+00

LOGICT- S , ARI,_C (
0. 0000014"00

,. r :i

_OE _ STA2_S _ G¢:_D _ Q-LO¢ R-STAT Q-NLT V-STA? Qlsbltr

1 2100.0 0 .0001`÷00 +5?95-01 .00011+00 1 i .2501`-`04 0 .000B+00

2 2100.0 0 .0001500 .5791`-01 .00015.00 I 1 .2411-04 0 .000l+.00

) 2100.0 0 .00014"00 .5791-01 .00014.00 i 1 .2341-04 0 .00015.00

4 2100.0 0 .00014.00 .$?911-01 .0001500 1 1 .1325-O4 0 .0001`÷00

$ 25940.4 0 .0001`+00 .5791`-01 .0001`+'00 i 0 .0001`4"00 0 .0001`+.00

I 2511.9 0 .00014.,00 .YJ'91`-01 .00015.00 L 0 .00015.00 0 .00015`00

? 2573.5 0 . 000114.0`0 .5?91-02 .00015.00 1 0 .000E+.00 0 .00011+.00

l 2545.1 0 .0001500 .5791`-02 .000114.00 i 0 .0CIOlI+O0 0 .00014.00

9 2551.1 0 .00015.0`0 o$791-01 .0001+00 1 0 .00014.00 0 .0001500

10 2541.0 0 . 00015.00 .5`7H-01 .000111"00 1 0 .0001÷00 0 .000l÷O0

11 Z539.2 0 .0001500 .5'7911-02 .0001+O0 1 0 .00014.00 0 .00015.00

12 2530.4 0 .0001500 .5'7511-01 .0001`500 1 0 .0001+0,0 0 .000115.00

?.3 2521.4 0 . 00011+O0 .5791-01 .000114.00 1 0 .00011+00 0 .000g+00

14 2512.4 0 .000|+00 .5"791-01 .00011+00 1 0 .00011+.00 0 .0O0l+00

15 2503.3 0 .000114.00 .5`791`-01 .000E4.00 I 0 .00014.00 0 .000E+0`0

11 2494.1 0 .00014.00 .5?91`-01 .00011500 I 0 •00015`00 0 .00011+0O

I'7 2414.1 0 .000l+O0 .5'791`-01 .000150`0 l 0 .00014.00 0 .000l÷00

LI 24'75.$ <} .00014"00 .5'791`-01 .000l+00 l+ O .0O0E÷00 0 .000u4.00

19 2414. i 0 . 0001,+.00 . 5791,-41 .OOOl+O0 I 0 .0Q(IE+.QQ 0 .00011+.00

20 2454.? 0 . 00`01500 .5791,-42 . 000E+00 1 0 .000E+.00 0 .000E+00

21 244"/.3 0 .00011+00 .5`791-01 .0001+00 1 0 .0001÷00 0 .000E+00

22 243? .9 0 . 00015.00 .579B-01 .000E÷00 I 0 .0O0g+00 0 .00(11500

23 24121.4 0 . 0001,+.00 .5`751,-01 .00015`00 1 0 .000E+00 0 .000E÷00

24 2411.9 O .0001,+.00 .5791-01 .0Q011+O0 1 0 .000E+00 0 .O00E+OO

25 2409.5 0 .00011500 .5791,-01 .00031500 I 0 .000E+00 0 .000E+00

• ee • • elIll • ea•ee • •

TIN_- '7.00001;E-04. DTlllt.,'-. 2.501111,-G7, CSGNIN( 2)- 5.116131-0`7, A2'NI_C(
1.425291500

I,CGI_- 3 , NtI.XCC I
7. 324221-04

HOO! _ STATUS _ _ GGOilV Q-LOC IqI*-ST&T Q"t4.LT V-STAT QSUP..II'

1 2100.0 0 .0001,+00 .$791-01 .000E÷00 1 1 .231E-04 0 .000J+00

2 Zl00.0 0 .0001,÷00 .5`791-01 .000E÷00 1 1 .1121-04 0 .000E+00

3 2592.2 0 .000|4.00 .5?91-01 .0001÷OO I 0 .000Z+00 0 .000E+O0

4 2515.2 0 .000g÷00 .S79E-01 .000E÷00 I 0 .000E÷00 0 .000E+00

+ 25'71.2 0 .000E+00 .$79i-01 .000g+00 1 0 .000E÷O0 0 .O00E+00

I 25'71.0 O .0001+OO .579g-01 .0001`+Q0 L 0 .00OE÷00 0 .00OE+O0

T 2513.5 0 .000E+00 .5791`-01 .0001`500 L 0 .000E+00 0 .000E+00

I 2SSS.I 0 .0001,4.00 .5791,-01 .000E+00 1 0 .000E÷00 0 .000E+00

9 254`7.9 0 .0OOl+00 .S791-02 .000l÷O0 L 0 .OOOI÷00 0 .0O0E+O0

L0 2539.1 0 .0001500 +$'79E-02 .000i+.00 1 0 .000E÷00 0 .000E÷00

11 2531.5 0 .000l÷00 .$791-01 .000E+00 1 0 .000E÷00 0 .000E*00

12 2523.2 0 .000B+.00 .$798-01 .000E÷00 1 0 .000E+00 0 .000E÷00

13 2511.7 0 .000E÷O0 .5?9B-01 .0O0E+O0 1 0 .000E+00 0 ,000E+00

14 2501.1 0 .000E+00 .S?91-01 .000E÷O0 1 0 .000E+O0 0 .000E+0O

lS 219`7.5 0 .000|÷00 .5?9B-01 .000E÷00 1 0 .000E+00 0 .000E+00

16 2411.1 0 .000|+00 .579B°01 .0001`÷00 1 0 .000Z+00 0 .000Z+O0

17 2410.1 0 .000E+00 .5791-01 .O00E÷0O 1 0 .000E_O0 0 .000E÷00

11 24'71.3 0 .000|*OO .5?91-01 .000E+QO _ 0 .O00E÷OO 0 .OO0E+0O

19 2412.5 0 .000E+O0 .$791-01 .000E÷O0 L 0 .000E÷00 O .000E+O0

20 2453.`7 0 .0001+00 .5`79B-01 .0001`+O0 L 0 .000E÷00 0 .000E÷00

21 2444.1 0 .000l+O0 .S?gl-01 .0001,+00 L 0 .000E+00 0 .000E+O0

22 2435.1 0 .0001,÷00 .$791,-01 .000E÷00 1 0 .000E+00 0 .000E*00

23 2421.9 0 .0001,÷00 .5?91,-01 .0001÷00 1 0 .000E+00 0 .000E+.00

24 2417.9 0 .0001,4.00 .5`791-01 .000B+00 1 0 .000E÷00 0 .000E÷00

25 2409.0 0 .0OO1,+.O0 .5791`-02 .0001÷00 1 O .000E÷00 0 .00OE+00

ee*** • ** •II I IIIII

TZNE- 1.0000`71,-O41; D'Tr, NIt_ 2.$01111-0`7, CSI_ZX( 2)- 5.tI(13[-0?. ATL_CC(
1. 731821,+00

3 . A_LXCC (
2.441411-04

MCX_S _ STAT_3 _ _ _ Q-LGC _-STAT O-MLT V-STAT C_URF

1 2100.0 0 ".000B÷00 .$791-01 .00OE÷00 1 L .114_-05 0 .000E÷00

Z 2591.3 0 .000E+.00 .$791-01 .000E+00 1 0 .00OE+QO 0 .000E+00

) 2513.7 0 .00OE÷0O .$791-01 .0QQE÷O0 1 0 .000E+O0 0 .000E+OQ

4 2571.3 0 .000E+O0 .5791-01 .000E+00 1 0 .000(+00 0 .000Z+00

S 25E1.9 0 .000E÷00 .5791-01 .000E+O0 L 0 .000Z+00 0 00O_+O0

E 2561.$ 0 .00OE+.00 .579E-0t .00OE+00 l 0 .000Z+00 0 000[÷00

? 2554.0 0 .000E÷0O .S791-01 .000E+Q0 _ 0 0OO[÷00 0 00OE+00

I 254_.4 0 .000E+0Q .5791-01 .00QE+O0 L 0 .OO0_÷00 O 0OOE+00

9 2531.1 0 .000E+00 .5?9_-01 .0001,÷00 1 0 .O00E*O0 0 000[÷00

I0 2521.1 0 .000E+00 .S791-01 .000E÷O0 L O .000E÷00 0 000E_OO
11 2523.3 0 .000E+OO .579E-01 .000E+OO L O .000E+00 0 0O0E+O0

;2 2515.5 0 .000E÷00 .579E-01 .000E÷00 L 0 .000[+00 0 000E+00

13 2507.I 0 .000E+00 .$791-01 .000E+00 L 0 .000E+00 0 000E÷00

14 2499.t 0 .000E÷OO .5?9E-01 .000E÷00 I 0 .000_+O0 0 .000_+00

LS 249t.$ 0 .000E+00 .5791-01 .000E÷00 1 0 .000Z+00 0 ._00Z+00

L6 2413.4 0 .000E÷00 .$791-01 .000E+00 1 0 .000E+00 0 000E÷00

L7 2475.3 0 .000E÷00 _S?9E-01 .000E÷00 1 0 .000E÷00 0 .000_+00

11 24_?.0 0 .000E÷00 .S79E-01 .000E÷O0 L 0 000_+00 0 .000Z+00
L_ 2451.1 0 .000E÷00 .$79B-01 .000E÷Q0 L 0 0QOZ+00 0 .000E÷00

0)- 0.00000E÷00. DTNffCC(

0)- 0.000001,+00, DN,._C(

0)- 0.00000E+O0. DTI_PCCI

0)- 0.00000E÷00, 0nl,xCCI

0)- 0.00000E÷O0. D"PI_CC_

0)- 0.00000_÷00, DRLXCC|

L)-

2)--

L)--

1)-

3-I-15



20 2450.4 O .000K÷00 .$75E-01 .000E+QO l

21 2442.1 0 .0OQE+00 .$798-01 .000K+O0 1

22 2433.7 O .O00E÷O0 .579_-01 .000E+O0 1

23 242S.3 0 .000Z+00 .5T9_-01 .000_+O0 1

24 2415.9 0 .000Z÷O0 .3791-01 .000E+00 1

25 2408.4 0 .O00K+00 .575E-01 .0O0E÷00 1

eeeeee • saetm*tee •

TII'E-- $.000014-04o IY_ZI4U- 2.$011ll-07, CSGI(ZN(

1. O?422E-01
L4:X_C'I"- 3

9.7ES432-04

0 .000E*00 0 .000Z÷00

0 .000E÷00 0 .000E÷00

0 .000E+00 0 .000B÷00

0 .000Z+00 0 .000[÷00

0 .000E+00 0 .000E+00

gQ .000E÷00 0 .000E+O0

2|* S.GI613[-07, ATNPCC( 0)- 0,00000E÷00, 011_'CC( l)--

, A/qLXCC( 0)- 0.00000E+00, DRLXCC[ 1)_

NODS _ STAT_TS QCCI4B GCOND GCONV Q-[_C M-STAT QoHILT V-STAT _URF

i 2521.9 0 .000Z+00 .379K-01 .000E÷00 1 0 .000E+00 0 .000E+00

2 2521.4 0 .0001÷00 .573_-01 .000Z+00 L 0 .0001+O0 0 .000E+00

3 2S20,3 0 .00OK÷00 .5794-01 .000Z÷O0 1 0 .000E÷00 0 .000E÷00

4 2S19.0 0 .000Z÷0O .373K-01 .000E÷O0 1 0 .000E÷O0 0 .00OE+00

$ 2517.1 0 .000K÷O0 .579K-01 .000K÷00 1 0 .000g÷00 0 ,000Z+00

6 2514.7 0 .000t+00 .579E-01 .000E÷00 1 0 .0001+00 0 .00OE÷00

7 2511.1 0 .000E+00 .573i-01 .000E+O0 1 0 .000g÷00 0 .000Z÷00

I 2304,6 0 .0001÷00 .5791-01 .000¢÷00 1 0 .0001÷00 0 .000Z+00

9 2304.9 0 .000E÷00 .579¢-01 .000K÷00 1 0 .000B÷00 0 .000E÷O0

10 2500.4 0 .000E÷00 .5791-01 .000Z÷00 1 0 .000E+00 0 .000E+00

11 2494.3 0 .000E+00 .5794-01 .000E+00 1 0 .000Z÷00 0 .O00E÷O0

12 2491.5 0 ,0001+00 .5TgE-01 .000Z+00 l 0 .000_+00 0 ,000E÷00

13 24|E.3 0 .000Z÷00 .5791-01 .000E÷O0 1 0 .000_+00 0 .000E÷00

14 2410.$ 0 .0001÷00 .STgK-01 .0001÷O0 1 0 .000E+00 0 .000E÷00

15 2475.1 0 ,000K+00 .$79_-01 .000Z÷00 1 0 .000E÷00 0 .000E÷O0

14 2469.1 0 .000K÷00 .$79Z-01 .000E÷O0 1 0 .000E÷00 0 .000E+00

17 2462.9 0 .000Z+00 ,5794-01 .000E÷00 1 0 ,000E÷00 0 .000_+00

L| 2456.4 0 .000E+00 ,379E-01 ,0GOE+00 1 0 .000E+00 0 .000Z+O0

19 2449.1 0 .000E+00 .379E-01 .000E+00 1 0 .000E÷00 0 .000E÷00

20 2443.0 0 .000E+00 .579_-01 .r001+00 1 0 .000E+00 0 .000Z+00

21 2436,0 0 .000E÷00 ,5794-01 ._00Z+O0 1 0 .0OQE÷00 0 .000E+O0

22 2421,9 0 .000Z+00 .$791-01 .000E+00 L 0 .000E÷00 0 .000¢+00

23 2421.4 0 .000¢+00 .5794-01 .000¢÷00 1 0 .000¢÷00 0 .000E÷00

24 2414.6 0 ,000¢+00 ,$794-01 .000E÷00 L 0 .000E+00 0 .000E÷00

25 2407.3 0 .000[+00 .5794-01 .000¢÷00 L 0 .000E+00 0 .000E+00

i IC) COE'YI_GHT 1912, 1513, 1914. 1915.1916.1947 J.D.GASKI SINO,kJLglT/_$Z 1.31 k'IETW(_.K AJ4ALySIs ASSOCZA'_ES. INC. - PAGE_

2

PI'U_E CHJUIG_ (SOLID/LIQUID| IN THERMAL NE_I_RK$

_ttt_ ttl_lm t till
T_E.*L.000001[-03, DTIN_U" 2.415112Z-07, CSGHIN(

7. 003844-02

LO_CT- 3

7. 324221_-04

25)- 5._8683E-07, ATMPCC( 0)- 0.00000Ee00, DTI_CC[ L)_

, ._LXCCI 0)- 0.00000E÷00. DRL,XCC( _)_

gOD_ T_ STAT_S _ C_ONO GCOI_/ Q-L.QC M-ST_T Q-NLT

l 2486,7 0 .000_+00 .$79_-01 .000_÷00 L 0 .000E+O0

2 2496.4 0 000E+00 .$79_-01 .000E÷00 1 0 .000E÷00
3 2483.1 0 .000Et00 .STgK-01 .000E÷00 I 0 ,000E÷00

4 2404,8 0 .000E÷00 ,5794-01 .000_÷00 1 0 .000£+00

S 2493.5 0 ,000E÷00 ,5794-01 .000E÷00 l 0 ,000E+00

4 2411.8 0 ,000E÷00 .$79E-01 .000E+00 1 0 ,000E÷00

7 2479.9 0 .000E+00 .579_-01 .000E+00 L 0 .000E÷00

| 2477.7 0 .000_+00 ,$79_-01 ,000E+00 L 0 ,000E+00

9 2475.1 0 ,00O_+O0 .5794-01 .000E+OO 1 0 .000E+00

lO 2472.3 0 .0O0E+00 .$79_-01 .000_+0O l 0 .000E+00

L1 24K9.2 0 ,000E÷00 .579_-01 .000E+00 L 0 .000Z+00

12 2465,8 0 .000_+00 ,$794-01 ,000Z+00 L 0 .000Z÷00

13 2462,2 0 .000Z+00 ,$794-01 .000E÷00 1 0 ,000_+00

L4 2450.4 0 .000E+00 .57_E-01 .000E+00 L 0 .000E+00

lS 2454.3 0 .000E÷00 .$79E-01 .000E+00 1 0 .000E+00

16 2450.1 0 ,000_÷00 ,579[-01 .00OE+00 1 0 ,000[÷00

17 2445.6 0 .000E+00 .$734-01 ,000E÷00 l 0 ,000£+00

L| 2441.0 0 .000E+O0 $79_-0_ .000E+O0 L 0 .0O0E÷00

19 243_.2 0 .000E+00 ,579E-01 .000_+00 L 0 .000Z+00

20 2431.3 0 .000E+00 .$79M-01 .000E+00 1 0 .000£+00

21 2426.3 0 .000_+00 .579_-01 .000E+00 l 0 .000¢+00

22 2421,1 0 .000E+00 .579E-01 .000_÷00 L 0 .000E+00

23 2415._ 0 .000_+00 .$79_-01 .000Z+00 L 0 .000¢÷00

Z4 2410._ 0 .000E+00 ,5794-01 .000E÷00 1 0 .000¢+00

23 2405.3 0 .000E+00 ,5794-01 .000E÷00 1 0 ,000E+00

V-STAT _U_F

0 .000_+00

0 ,O00E+O0

0 .O00E+O0

0 .O00E+O0

0 ,000E÷00

0 .000E+00

0 .000E+00

0 .O00E÷O0

0 .000£÷00

0 .000_+00

0 .000E+00

0 .O00E+O0

0 ,000E+00

0 .000_÷00

0 .000E÷00

0 000E÷00

0 .000_+00

0 000E+00

0 000£+00

0 000_+00

0 000_+00

0 000£+00

0 000_00

0 000_+00

0 000E÷00
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B. PLOTS

While thetransienttemperaturedistributionacrossthe thicknessof the platecan bc inferred

from the tabulatedoutput,itisoftendifficultto interpretresultswhich arc presented in
tabularform. For thismason, a FORTRAN statementwas added tothe OUTPUT CALLS

block. The writestatementprintedthe temperatureof nodes I,5, 10, 15,20 and 25 to file

3,as a functionof time. This filewas then used to generatea graphicalrepresentationof

the results.Figure 3 shows the resultsof thisanalysis.This figureindicatesmelting of
nodes I through 5 and furthershows thatthe I-D stackrcsolidificsupon reducing _c heat
additiontozero.

270O

I

0.4 0.5

Thousandths

TIME-SEC

Figure 3. Phase Change (Solid/Liquid/Solid) in a 25 Node 1-D Stack
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CHAPTER 3: (_HANGE OF PHASE

SECTION 2: Oxidation of Metals at High Temperatures

ANALYSIS CODE: SINDA (Gaski)

Following is an extension of the previous technique. In this example the oxidation characteristics
of a metal (stainless steel 4zl0C) are simulated. The motivation for this work relates to the ignition
potential of metals operating at high temperature in oxygen environments. The application of the
work to a physical problem is discussed below. The reasons for including this example in the
workbook are to iUustrate the versatility of the SINDA code, the utility of the working array
concept discussed in the previous example, the modeling of melting/resolidification and
vaporization, and the modeling of temperature dependent rate reactions. A one-dimensional model
is illustrated with surface recession based upon surface oxidation conditions.

Background:

The Space Shuttle Main Engine (SSME) High Pressure Oxidizer Turbopump (HIK)TP) contains
two duplex sets of liquid oxygen cooled ball bearings which support the rotating parts. The pump
cross section is shown in Figure 1. Coolant for the turbine end bearings is provided through a
hollow shaft, through the bearings, discharging to the main pump impeller inlet. Coolant for the

preburner pump end bearings is provided by the preburner pump through a hub labyrinth,through
the bearings,discharging to the main pump impeller inlet. Because the bearings are cryogenically
cooled, they are poorly lubricated, and heat generation and bearing life are of concern. The SSME
bearings are considered to be the life limiting element in the pump design, and additionally have
been studied as a safety critical item during pump operation.

During SSME development several pump failures were attributed to bearing failures. These
failures typically resulted in a f'n'e which consumes much of the pump. Because of NASA's return
to flight safety assessment following the Challenger accident, a thorough investigation of bearing
thermal and mechanical behavior was initiated. This analysis discusses the coolant heat transfer
characteristics, the bearing geometry, materials, and thermal response to loads, the ignition
characteristics of bearing materials, and an assessment of ignition potential for normally operating
bearing systems.

Typically, high mechanical loads which can lead to high bearing temperatures have been thought to
be a contributor to accelerated bearing wear, leading to a relatively short bearing life. Bearing
failures which result in a combustion event have been attributed to cage fractures, severe rotor or
bearing displacement, or extreme loss of bearing internal clearance. Because disassembly of some
pumps revealed discolored bearing surfaces (attributed to oxidation at high surface temperatures)
but no evidence of ignition or combustion, and no mechanical failure, NASA endeavored to
quantify the thermal characteristics of the I-IPOTP bearings prior to the successful 1988 return to
flight of the Space Transportation System (STS).

3-2-1



]_ gm'c I. SSME High Pressure Oxidizer Turbopump

I. Identification of the Problem:

A. Statement of the Problem:

Consider a one-_timensional node stack as shown in Figure 2. The surface is

exposed to a periodic frictional heat flux of a known magnitude. Depending upon
surface temperatu_, an additional flux is imposed due to oxidation of the material.
The rate of oxidation versus temperature is given. The node stack conducts heat to

a constant temperature boundary condition. This boundary can be physically
related to bulk ball temperature or average roiling path temperature in the bearing.
Based upon the frictional heating, boundary temperature, and resulting surface
temperature, simulate the transient response of the material and predict the potential
for a sustained combustion event.
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n • Schematic:

q friction

q o_idalion (I 800"I: < T

q combustion (Ts > 2600°F)

C •

Boundary Condition

I

(Rolling Path Temperature)

Figure 2. One-Dimensional Network

Given:

(1) Boundary temperature
(2) Frictional heating with time (see Figure 3)
(3) Material oxidation characteristic (see Figure 4)
(4) Material combustion characteristic (see Figure 5)

q

0 4OO

microseconds

Figure 3. Frictional Heat Flux versus Time
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Figure 4. Oxidation Rate versus Temperature

COMBUSTION HEAT FLUX
1000

800
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d
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0
2500 3000 3500 4000 4500 5000

Temperature, °F

Figure 5. Combustion Rate versus Temperature
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II.

D. Find:

(1) The transient thermal response of the material
(2) The potential for propagation to a combustion event

Formulation of the Problem:

A. Simplifying Assumptions:

For analytical conservatism the foUowing assumptions were used in the analysis.

(I) No convective cooling at the surface
(2) No radiation at the surface

(3) Energy of oxidation or combustion imposed to surface node (no energy lost to
the surrounding convective environment)

(4) Consumption of material through the oxidation process can be modeled as
shown in Figure 6, based upon the material heat of combustion (3437
BTU/lb)

B. Initial/Boundary Conditions:

(1) Known frictional (cyclic) heat flux
(2) Known conduction boundary temperature (average steady state rolling path

temperature)
(3) Initial temperatures generated from steady state with time averaged heat flux

(see input deck, EXECUTION block)
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<
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Z
UJ

Cp_T

heat
of

vaporization

CpAT

heat of
fusion

qcombustion

NODE CONSUMPTION

........._.... (qox + qcomb)_t = 3437 8tu/Ib

qfrictionai+ qoxidation

qfnctional (ddving energy)

0 1000 2000 3000 4000 5000 6000

Temperature, °F

Figure 6. Node Consumption Methodology

C • Discretization:

The one-dimensional network is divided into 100 equally spaced diffusion node,

To model the rolling path transient condition extremely small node sizes and time
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II.

steps we_ required. Two and three dimensional parametric analyses were
performed (not presented here, see reference), to assure that the one-dimensional

conduction approach adequately (and conservatively) bounded the problem at hand,
and that the boundary condition, node size, and number of nodes accurately
simulated the surface temperature u'ansient response.

Analysis:

A. The Input Deck:

The input deck shown on the following pages is a Gasld SINDA input deck. As
discussed in earlier examples, the input deck consists of the standard nine blocks of

data required by SINDA. These wiLl not be discussed in detail here, but specific
and unique features of the analysis will be described.

A key feature of this simulation involves the summation over time of several mass
and energy terms. The complex set of variables used for the simulation are

describedinthe ARRAY datablock.One working arrayisdefinedforeach

diffusionnode inthemodel. Severalstatusconditionsaretrackedinthe working
arraysincludingcombustion, melting,and vaporizationstatus.The readeris

referredtothelistingforcomplctc descriptionof the working arraycontents.This

programming techniqueinSINDA has proven tobe a very efficientmethod of
definingand trackinginformationrelatedtoeach node inthe nctwork.

Note that in the EXECUTION block, the time averaged heat flux is used in a steady
state solution to provide the initial temperature distribution for the transient
simulation.

3-2-7



SINDA MODEL LISTING

BCD 3THERMAL LPCS

BCD 9FUNDAMENTAL COMBUSTION ANALYSIS

END

C

BCD 3NODE DATA

C

C ONE D STACK, I.E-4 IN THICK NODES, 0.1" X 0.1' AREA

C CAPACITANCES ARE CALCULATED IN _CECUTIONS AND VARIABLES 1

C

GEN i,i00,1,2400.0, 2.894E-8

-999, 2400.0, 1.0 $ ACTIVE SURF TEMP

C

C CONVECTION BOUNDARY

C

-9998, -230., 1.0 $ LOX BULK TEMP (UNUSED)

C

C BOUNDARY FOR BULK BALL TEMP, CAN BE TIME VARYING FOR WHITE

C SANDS 0.05" TC

C

-9999,2400.0, 1.0 $ AVG SURF TEMP (BOUNDARY)

END

BCD 3CONDUCTOR DATA

C

C VARIABLE CONDUCTIVITY CONDUCTORS

C

SIV I, i, 2, A4000, K1

SIV 2, 2, 3, A4000, K2

SIV 3, 3, 4, A4000, K3

SIV 4, 4, 5, A4000, K4

SIV 5, 5, 6, A4000, K5

$IV 6, 6, 7, A4000, K6

SIV 7, 7, 8, A4000, K7

SIV 8, 8, 9, A4000, K8

SIV 9, 9, 10, A4000, K9

SIV lO, 10, ii, A4000, KI0

SIV ii, Ii, 12, A4000, Kll

SIV 12

SIV 13

SIV 14

SIV 15

SIV 16

SIV 17

SIV 18

SIV 19

SIV 20

SIV 21

SIV 22

SIV 23

SIV 24

SIV 25

SIV 26

12, 13, A4000, KI2

13, 14, A4000, KI3

14, 15, A4000, KI4

15, 16, A4000, KI5

16, 17, A4000, KI6

17, 18, A4000, KI7

18, 19, A4000, KI8

19, 20, A4000, KI9

20, 21, A4000, K20

21, 22, A4000, K21

22, 23, A4000, K22

23, 24, A4000, K23

24, 25, A4000, K24

25, 26, A4000, K25

26, 27, A4000, K26

SIV 27, 27, 28, A4000, K27

SIV 28, 28, 29, A4000, K28

SIV 29, 29, 30, A4000, K29

SIV 30, 30, 31, A4000, K30

SIV 31, 31, 32, A4000, K31

SIV 32, 32, 33, A4000, K32

SIV 33, 33, 34, A4000, K33

$IV 34, 34, 35, A4O00, K34
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SIV 35, 35, 36, A4000

SIV 36, 36, 37, A4000

SIV 37, 37, 38, A4000

SIV 38, 38, 39, A4000

SIV 39, 39, 40, A4000

SIV 40, 40, 41, A4000

SIV 41, 41, 42, A4000,

SIV 42, 42, 43, A4000,

SIV 43, 43, 44, A4000

K35

K36

K37

K38

K39

K40

K41

K42

K43

SIV 44, 44, 45, A4000, K44

SIV 45, 45, 46, A4000, K45

SIV 46, 46, 47, A4000, K46

SIV 47, 47, 48, A4000, K47

SIV 48, 48, 49, A4000, K48

$IV 49, 49, 50, A4000, K49

SIV 50, 50, 51, A4000, K50

SIV 51, 51, 52, A4000, K51

SIV 52 52, 53, A4000, K52

SIV 53 53, 54, A4000, K53

SIV 54 54, 55, A4000, K54

SIV 55 55, 56, A4000, K55

SIV 56 56, 57, A4000, K56

SIV 57 57, 58, A4000, K57

SIV 58 58, 59, A4000, K58

SIV 59 59, 60, A4000, K59

SIV 60 60, 61, A4000, K60

SIV 61 61, 62, A4000, K61

5IV 62 62, 63, A4000, K62

SIV 63 63, 64, A4000, K63

SIV 64 6,4, 65, A4000, K64

SIV 65 65, 66, A4000, K65

SIV 66 66, 63, A4000, K66

5IV 67 67, 68, A4000, K67

SIV 68 68, 69, A4000, K68

SIV 69 69, 70, A4000, K69

SIV 70 70, 71, A4000, K70

SIV 71 71, 72, A4000, K71

SIV 72 72, 73, A4000, K72

SIV 73 73, 74, A4000, K73

SIV 74 74, 75, A4000, K74

5IV 75 75, 76, A4000, K75

SIV 76 76, 77, A4000, K76

SIV 77 77, 78, A4000, K77

SIV 78 78, 79, A4000, K78

SIV 79 79, 80, A4000, K79

SIV 80 80, 81, A4000, K80

$IV 81 81, 82, A4000, KS1

SIV 82 82, 83, A4000, K82

SIV 83 83, 84, A4000, K83

S[V 84 84, 85, A4000, K84

5[V 85 85, 86, A4000, K85

SIV 86 86, 87, A4000, K86

SIV 87, 87, 88, A4000 K87

SIV 88, 88, 89, A4000 K88

SIV 89, 89, 90, A4000 K89

SIV 90, 90, 91, A4000 K90

SIV 91, 91, 92, A4000 K91

SIV 92, 92, 93, A4000 K92

SIV 93, 93, 94, A4000 K93

SIV 94, 94, 95, A4000 K94

SIV 95, 95, 96, A4000 K95

SIV 96, 96, 97, A4000 K96

Z[V 97, 97, 98, A4000, K97

SIV 98, 98, 99, A4000, K98
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SIV 99, 99, I00, A4000, K99

SIV i00, i00, 9999, A4000, KI00
C

C CONVECTION CONDUCTORS

C CALCULATED IN VARIABLES I FOR FIRST AVAILABLE SURFACE

C CAN BE SET FOR MOLTEN PARTICLES WHICH LEAVE SURFACE
C

GEN 1001,100,1, 1,1, 9998,0, 0.0

END

BCD 3CONSTANTS DATA

NDIM, 2OO0

DTIMEI,2.E-7

DTIMEH, 2.E-7

NLOOP, 500

C

C MODEL RUNS IN MICROSECOND RANGE
C

TIMEND, 33800.E-6

OUTPUT, 2.E-7

C

C MAX TIME STEP IS 5.E-7 BASED ON C/GSUM

C MAY NEED TO BE SMALLER TO GO THROUGH HEAT OF FUSION
C ACCURATELY

C

C BALENG, 4.75E-4

ARLXCA,.I

DRLXCA,.I

TIMED, 0.0

DAMPA_0.5

DAMPD, 0.5

C

C CONSTANTS FOR CONDUCTORS

C THESE ARE RESET WHEN SURFACE CONSUMES ITSELF

C CAN BE DISCONNECTED WHEN SURFACE MELTS (FOR ROTATING CASES)
C

GEN I,I00, i, 8.33

C

C Q LOCATION POINTER

I001,0

1002,0.

C

C RHO-VOL

C

5000,2.8935E-7

C

C CONVECTION H*A FOR QUENCH OF MOLTEN PARTICLES AFTER LEAVING
C SURFACE

C

5001,4.E-4

8000,0.0

END

BCD 3ARRAY DATA
C

C WORKING ARRAYS

C

C _l COMBUSTION STATUS

C

C

C

O - UNOXIDIZED/UNBUPNI_

I - OXIDIZING

2 - BURNING

3 - COMPLETELY C0_5U_'!2
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c

C

c

C

C

c

c

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

c

c

C

C

C

C

+2 MASS (LB)

+3 HEAT OF COMBUSTION (BTU/LB)

+4 RATE OF OXIDATION, SOLID (SEC) DETERMINES THE RATE OF

OXIDATION WHEN SOLID, .053 SEC

CORRESPONDS TO 1980 W/SQ-IN

[MASS*HEAT-OF-COMBUSTION/RATE]

+5 RATE OF OXIDATION, LIQUID (SEC) DETERMINES THE RATE OF

OXIDATION WHEN LIQUID, I.E-4 SEC

CORRESPONDS TO 1.05E+6 W/SQ-IN

[MASS-HEAT-OF-COMBUSTION/RATE]

_6 OXIDATION/COMBUSTION QSUM (BTU)

+7 MELT STATUS - UNMELTED

- MELTING

- MELTED

+8 HEAT OF FUSION (BTU/LB)

+9 MELT QSUM (BTU)

÷I0 VAPORIZATION STATUS 0 - UNVAPORIZED

1 - VAPORIZING

2 - VAPORIZED

+ii HEAT OF VAPORIZATION (BTU/LB)

+12 VAPORIZATION QSUM (BTU)

1,0,2.894E-7,3437.,.053,1.E-4,0

2,0,2.894E-7,3437.,.053,1.E-4,0

3,0,2.894E-7,3437.

4,0,2.894E-7,3437.

5,0,2.894E-7,3437.

6,0,2.894E-7,3437.

7,0,2.894E-7,3437.

8,0,2.894E-7,3437.

9,0,2.894E-7,3437.

10,0,2

11,0,2

12,0,2

13,0,2

14,0,2

15,0,2

16,0,2

17,0,2

18,0,2

19,0,2

20,0,2

21,0,2

22,0,2

23,0,2

24,0,2

.053,1.E-4,0

053,1.E-4,0

053,1.E-4,0

053,1.E-4,0

053,1.E-4,0

053,1.E-4,0

053,1.E-4,0

894E-7 3437., .053,1.E-4,0

894E-7 3437.,.053,1.E-4,0

894E-7 3437.,.053,1.E-4,0

894E-7 3437.,.053,1.E-4,0

894E-7 3437.,.053,1.E-4,0

894E-7 3437.,.053,1.E-4,0

894E-7 3437.,.053,1.E-4,0

894E-7,3437., .053,1.E-4,

894E-7 3437.,.053,1.E-4,

894E-7 3437.,.053,1.E-4,

894E-7 3437., 053,1.E-4,

894E-7 3437., 053,1.E-4,

894E-7 3437. 053,1.E-4,

894E-7 3437. 053,1.E-4,

894E-7 3437. 053,1.E-4,

25,0,2.894E-7

26, 0,2.894E-7

27,0,2.894E-7

28, 0, 2.894E-7

29, 0,2.894E-7

30,0,2.894E-7

31,0,2. 894E-7

3437.

3437.

0,86.4,0.,0,2900.,0.,END

0,86.4,0.,0,2900.,0.,END

3437.

3437.

3437.

3437.

3437.

0,86

0,86

0,86

0,86

0,86

0,86

0,86

4,0.,0,2900.,O.,END

4,0.,0,2900.,0.,END

4,0.,0,2900.,0.,END

4,0.,O,2900.,0.,END

4,0.,0,2900.,0.,END

4,0.,0,2900.,0.,END

4,0.,0,2900.,0.,END

,0,86.4,0.,O,2900.,O.,END

,0,86.4,0.,0,2900 ,O.,END

,0,86.4,0.,0,2900 ,O.,END

,0,86.4,0.,0,2900 ,O.,END

,0,86.4,0.,0,2900 ,0.,END

,0,86.4,0.,0,2900 ,0.,END

,0,86.4,0.,0,2900 ,0.,END

0 ,0,86.4,0.,0,2900 ,0.,END

0 ,0,86.4,0.,0,2900 ,0.,END

0 ,0,86.4,0.,0,2900 ,0.,END

0 0,86.4,0.,0,2900. 0.,END

0 0,86.4,0.,0,2900.,0.,END

0 0,86.4,0.,0,2900.,0.,END

3 3,86.4,0.,0,2900.,0.,END

0 3,86

053, I.E-4,3 3,86

053, I.E-4,0 C,86

053, 1.£-4 .... 3, 86

053,1.E-4,¢., _,86

053, i.Z-4, 3., 3,86

053, I.E-4, 3. , 3, 86

053, 1.£-4,3., _,_6

4,0.,0,2900.,0.,END

4,0.,O,2900.,O.,END

4,0.,0 2900.,0.,END

4,0.,0 2900.,0.,END

4,3.,0 2900.,0.,END

4,0.,0 2900.,0.,END

4,0.,0 2900.,0.,END

4,3.,3 2900.,0.,END
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32,

33,

34,

35,

36,

37,

38,

39,

40,

41,

42,

43,

44,

45,

46,

47,

48,

49,

50,

51,

52,

53,

:'54,

55,

56,

57,

58,

59,

60,

61,

62,

63,

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

0,2.894EZ7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0,2.894E-7

0, 2.894E-7

0,2.894E-7

0,2. 894E-7

0,2. 894E-7

0,2. 894E-7

0,2.894E-7

0,2.894E-7

0,2.894£-7

0,2.894E-7

0,2. 894_-7

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,!.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437., .053, I.E-4,0

3437., .053, I.E-4,0

3437., .053,1.E-4,0

3437., .053, I.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437., .053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.E-4,0

3437.,.053,1.£-4,0

3437.,.053,1.£-4,0

3437.,.053,1.E-4,0

3437.,.053,1.£-4,0

3437.,.053,1.E-4,0

3437., .053,1.E-4,0

3437.,.053,1.£-4,0

3437., .053, [.E-4, 0

3437., .053, !.£-4,0

3437., .053, I.E-4,0

.,0,86.4,0

•,0,86.4,0

.,0,86.4,0

.,0,86.4,0

.,0,86.4,0

.,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

•0,86.4,0

,0,86.4,0

,0•86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

• 0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

.,0,86.4,0

.,0,86.4,0

.,0,86.4,0

.,0,86.4,0

.,0,86.4,0

•,0,86.4,0

•,0,86.4,0

.,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0

,0,86.4,0.

• 3,86.4,0.

3437., .053,1.E-4,0.,0,86.4,0.

3437., .053,1.E-4,0.,0,86.4,0.

3437., .053,1._-4,_.,3,_6.4,0.

3437., .053,1.E-4,_.,3,36.4,0.

3437.,.053,!.S-4,0.,3,_6.4,0.

,O,2900.,O.,END

,0,2900.,0.,END

,0,2900.,O.,END

,0,2900., 0.,END

,0, 2900., 0., END

,0, 2900., 0., END

, 0, 2900. , O. ,END

,0,2900.,0.,END

,0,2900.,0.,END

,0,2900.,0.,END

• 0, 2900., 0., END

,0, 2900., 0., END

,0, 2900., O., END

,0,2900.,O.,END

,O,2900.,0.,END

,0,2900.,0.,END

,0,2900., 0.,END

,0, 2900., O., END

,0,2900., 0.,END

,0,2900., 0.,END

,0,2900., 0.,END

,0, 2900., 0., END

,0,2900., 0.,END

,O,2900.,0.,END

,O,2900.,0.,END

,O,2900.,O.,END

,0,2900., O.,END

,0,2900., 0.,END

• 0, 2900., 0., END

• 0, 2900. , 0. ,END

,0,2900.,0.,END

,0,2900.,0.,END

,0,2900.,0.,END

,0,2900.,0.,END

,O,2900.,O.,END

,O,2900.,O.,END

,0,2900 ,0.,END

,0,2900 ,O.,END

,0,2900 ,O.,END

,0,2900 ,0.,END

,0,2900 ,O.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,O.,END

,0,2900 ,O.,END

,0,2900 ,O.,END

,0,2900 ,0.,END

,0,2900,0.,END

,0,2900 ,0.,END

• 0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,0,2900 ,0.,END

,3,2900 ,0.,£ND

,3,2900 ,0.,END

,3,2900 ,0.,END
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C

C VARIABLE

C

C

C VARIABLE

C

96,0,2.894E-7,3437.,.053, I.E-4,0.,0,86.4,0.,0,2900.,0.,END

97o0,2.894E-7,3437.,.053, I.E-4,0.,0,86.4,0.,0,2900.,0.,END

98,0,2.894E-7,3437.,.053,I.E-4,0.,0,86.4,0.,0,2900.,0.,END

99,0,2.894E-7,3437.,.053,I.E-4,0.,0,86.4,0.,0,2900.,0.,END

100,0,2.894E-7,3437.,.053,I.E-4,0.,0,86.4,0.,O,29O0o,0.,END

CONDUCTIVITY

4000 $ THERMAL COND VS TEMP (440C) BTU/SEC-FT-F

-300.,3.108E-3, 0.,3.756E-3, 700.,4.332E-3, 1400.,5.724E-3

2000.,6.948E-3

END

CAPACITANCE

5OOO $ CAP

-300.0,0.0948, 200.0,0.1138,

END

5001 $ DU_MY

0.0,0.0, 0.0,0.0

END

C

C CYCLIC HAETING ARRAY FOR ROLLING 8ALL

1400.,0.1801, 2100.,0.24

C CAN BE CONSTANT FOR WHITE SANDS OR FOR NBS

C

2000

0.0,0.0

389.99E-6, 0.0

390.E-6,9.5

400.E-6, 9.5

END

C

C CYCLIC CONVECTION ARRAY FOR ROLLING BALL

C

3000

0.0,0.0

10.E-6,0.0

10.01E-6, 0.0E-4

400.E-6, 0.0E-4

END

C

END

C

BCD 3EXECUTION

C

F DATA TAB/IH /

C

F

F

F

C

C

F

F

F

C

C

C

F

F

M

M

F

OPEN(3,FILE-"OXIDE.PCP",STATUS-"UNKNOWN-)

WRITE(3,2)NNT, (NX(LNODE+I),I=I,NNT)

FORMAT(I6/,250(I6,31X,16/))

32

OPEN {10, F ILE-"OXIDE. MCP" , STATUS= "UNKNOWN" )

WRITE(10,32) (NX(LNODE+I),TAB, I-I,NNT)

FORMAT (250(I6,AI))

CALCULATE CAPACITANCE

DO 4 I-i, i00

TEMP-T (I)

CALL DIDEGI{TEMP,A5OO0,CAP)

CAP=CAP'XK5000

C (I ) _CAP
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F

C

F

F

F

M

CF

F

M

F

F

C

F

F

F

F

F

F

F

F

F

F

F

C

F

C

CONTINUE

TIMEO-O.0

OUTPUT-10.E-6

TIMEND-O.0

CALL DIDEGl(395.E-6,A2000,QAVG)

BALENG-O.0005"QAVG

QAVG-(QAVG*I0.)/400.

XKS000-QAVG

JTEST-O

CALL STDSTL

DTIMEI-2. E-7

DTIMEH-2 .E-7

NLOOP-500

TIMEND-1000. E-6

OUTPUT-10. E-6

ARLXCA-. 1

DRLXCA-. i

TIMEO-0.0

DAMPA-0.5

DAMP D-0.5

JTEST-I

CALL SNFRDL

END

BCD 3VARIABLES i

C

F IF(JTEST.EQ.I)GO TO 1

M QAVG-XKS000

F Q(1)-QAVG

F GO TO i000

C

C DETERMINE FRICTIONAL HEATING

C

M i CALL DIICYL(4OO.E-6, TIMEN,A2000,FQ)

C

C DETERMINE CYCLIC CONVECTION

C

M CALL DIICYL(400.E-6,TIMEN,A3000,GCONV)

C

C CALCULATE CAPACITANCE

C

F DO 4 I-l,100

C

F TEMP-T (I)

M CALL DIDEGI(TEMP,AS000,CAP)

M CAP-CAP'XK5000

F C (I) -CAP

C

C SET CONVECTION TO 0 UNTIL FIRST ACTIVE SURFACE iS DETERMINED BELOW

C

M G(1001+I-I) =0.

C

F 4 CONTINUE

C

C DETERMINE OXIDATION

C

F DO 3 l-l, lO0

C

F CALL QOXIT(I),A(I+I3*(I-ll),ZA{I-I]'_I-!)),Q([),XN(I),DTIMEU)

C
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C

C

F

C

F

C

F

C

C

C

F

C

F

C

C

C

F

ONLY ALLOW FIRST OXIDIZING OR BURNING SURFACE TO RELEASE ENERGY

IF(IA(2+I3*(I-I)) .EQ.I .OR. IA(2+I3*(I-I)) .EQ.2)GO TO 5

3 CONTINUE

5 CONTINUE

DETERMINE COMBUSTION

DO i0 I-I,I00

CALL QCOMB(T(I),A(I+I3"(I-I)),IA(I+I3*(I-I)),Q(I),XK(I),DTIMEU)

ONLY ALLOW THE FIRST BURNING NODE TO RELEASE ENERGY AND STOP FRICTION

IF(IA(2+I3*(I-I)) .EQ.I .OR. IA(2+13"(I-l)) .EQ.2)GO TO 13

C

F I0 CONTINUE

C

F 13 CONTINUE

C

C SET POINTER FOR FIRST ACTIVE SURFACE

C

F DO 15 I=i,I00

F ISTORE-I

F IF (IA(2+I3*(I-I)).NE.3)GO TO 18

F T(I)16000.0

F 15 CONTINUE

C

C IMPOSE FRICTIONAL Q

C

F 18 CONTINUE

CF 18 IF(IA(8+I3*(ISTORE-I)) .EQ.2)GO TO 19

F Q(I)IQ(1) +FQ

F STQ=Q ( I )

F TACT-T (I)

M T999-TACT

F 19 CONTINUE

C

C SET CONVECTION.

C

M G (I001+I-i) zGCONV

C

C STORE POINTER

C

M KI001-I

M XKI002-STQ

C

FI000 CONTINUE

C

F RETURN

F END

C

C OXIDATION ROUTINE

C

F SUBROUTINE QOX(TEMP,CA, ICA,QLOC,GCOND,DTIMEU)

F DIMENSION CA(1),ICA(1)

C

C IS NODE COMPLETELY COMSUMED

C

F IF(ICA(2).EQ.3)RETURN

C

C DOES NODE MEET TEMPERATURE REQUIREMENT ?CR OXIDATION

3-2-15



C

F IF(TEMP.LT.1800.0)RETURN

F IF(TEMP.GE.2600.0)RETURN

C

C CALCULATE HEAT RATE FOR OXIDATION

C

F QADD=CA(3)_CA(4)/CA(5)

F QADD-QADDt((TEMP-1800.)/800.)

C

C SUM OXIDATION/COMBUSTION ENERGY

C

F CA(7)-QADD*DTIMEU+CA(7)

C

C CHECK FOR TOTAL ENERGY TO SEE IF NODE IS COMPLETELY CONSUMED

C

F IF(CA(7) .GT.CA(3)*CA(4)-I.0001)GO TO 20

C

C ADD OXIDATION HEATING TO NODE

C

F QLOC=QADD+QLOC

C

C SET STATUS TO OXIDIZING

C

F ICA(2)=I

F RETURN

C

C DISCONNECT NODE FROM NETWORK

C

F 20 GCOND=I. 0E-8

C

C SET STATUS TO COMPLETELY CONSUMED

C

F ICA(2)=3

F RETURN

F END

C

C COMBUSTION ROUTINE

C

F SUBROUTINE QCOMB(TEMP,CA, ICA, QLOC,GCOND,DTIMEU)

F DIMENSION CA(1),ICA(1)

C

C IS NODE COMPLETELY CONSUMED

C

Y IF(ICA(2) .EQ.3)RETURN

C

C DOES NODE MEET TEMPERATURE REQUIREMENTS FOR COMBUSTION

C

F IF(TEMP.LT.2600.0)RETURN

C

C CALCULATE HEATING RATE FOR COMBUSTION

QMIN=CA(3)"CA(4)/CA(5)

QMAX=CA(3)-CA(4)/CA(6)

QDELTA=QMAX-QMIN

QMULT_((TEMP-2600.)/350.)

[F{QMULT.GT.I.)QMULT=I.

QADD=QMIN+QMULT'QDELTA

C STORE QSUM FOR OXIDATION/COMBUSTIN

C

F CA(7)=QADD'DTIMEU÷CA(7)

C

C 9ETERM[NE IF NODE IS COMPLETELY CONSUMED

C
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F

F

C

C

C

C

F IF(CA(7).GT.CA_)-CA(4)*I.0001)GO TO 30
C

C ADD COMBUSTION HEATING TO NODE

C

F QLOC'QADD+QLOC

C

C SET STATUS TO BURNING

C

F ICA(2)=2

F RETURN

C

C DISCONNECT NODE FROM NETWORK

C SET STATUS TO COMPLETELY CONSUMED

C

F 30 GCOND-I.0E-8

F ICA(2)-3

END

C

BCD 3VARIABLES 2

C

F IF(JTEST.EQ.0)RETURN

C

C DETERMINE MELTING

C

F DO 5 I'l,100

F CALL QMELT(T(I),A(I÷I3*(I-I)),IA(I+I3"(I-I)),Q(I),XK(I),DTIMEU)
F 5 CONTINUE

C

C DETERMINE VAPORIZATION

C

F DO 6 I=l,100

F CALL QVAP(T(I),A(I+I3*(I-I)), IA(I÷I3*(I-I)),Q(I),XK(I),DTIMEU)
F 6 CONTINUE

C

F RETURN

F END

C

C VAPORIZATION ROUTINE

C

SUBROUTINE QVAP(TEMP,CA, ICA,QLOC, GCOND, DTIMEU)

DIMENSION CA(1),ICA(1)

DETERMINE IF NODE IS COMPLETELY CONSUMED

[F(ICA(2).EQ.3)RETURN

DOES NODE MEET VAPORIZATION TEMPERATURE REQUIREMENTS

IF(TEMP.LT.5000.0)RETURN

IS NODE COMPLETELY VAPORIZED

IF(ICA(II).EQ.2)RETURN

CALCULATE M*CP*DELTA-T FOR LAST TIME STEP

CA(13)=CA(!3)÷CA(3)'.24*(TEMP-5000.)

CHECK FOR COMPLETE VAPORIZATION

IF(CA(13) .GE.CA(12)*CA(3))GO TO 25

RESET TEMPERATURE TO VAPORIZATION T-MP_RA_R_

SET VAPORIZATION STATUS TO VAPORIZING

C

C

F

C

C

C

F

C

C

C

F

C

C

C

F

C

C

C
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C

F TEMP-50O0.

F ICA(II)-I

F RETURN

C

C SET VAPORIZATION STATUS TO VAPORIZED

C DISCONNECT FROM NETWORK

C

F 25 ICA(I1)-2

F GCOND-I.E-8

F RETURN

F END

C

C MELTING ROUTINE

C

F SUBROUTINE QMELT(TEMP,CA, ICA, QLOC,GCOND,DTIMEU)

F DIMENSION CA(I),ICA(1)

C

C IS NODE COMPLETELY CONSUMED

C

F IF (ICA (2) .EQ. 3) RETURN

C

C DETERMINE CURRENT HEAT OF FUSION BASED ON MASS

C

F CA(9)=(I.-(CA(7)/(CA(3)"CA(4) )) )'86.4

C

C DOES NODE MEET MELT TEMPERATURE REQUIREMENTS

C

F IF(TEMP.LT.2600.O)GO TO 10O

C

C IS NODE ALREADY MELTED

C

F IF(ICA(8) .EQ.2)RETURN

C

C CALCULATED M*CP-DEL-T FOR LAST TIME STEP

C

F CA(10)=CA(10)+CA(3) ".24"(TEMP-2600.)

C

C CHECK FOR COMPLETELY MELTED

C

F IF(CA(10) .GE.CA(9)_CA(3))GO TO 25

C

C RESET TEMPERATURE TO MELT TEMPERATURE

C SET MELT STATUS TO MELTING

C

F TEMP-2600.

F ICA(8)=I

F RETURN

C

C SET MELT STATUS TO MELTED

C

F 25 ICA(8)-2

F TEMP-2600.

C

C REMOVE LIQUID NODE FROM MODEL FOR ROTATING CASES

C MAY WANT TO CHANGE TO A CONVECTIVE G TO SIMULATE COMBUSTION

C PRODUCTS INTERFACING WITH NEXT LAYER OR MAY USE A LIQUID

C CONDUCTIVITY

C

F GCOND=8.33

F RETURN

C

C ALLOW FOR RESOLIDIFICATION

C
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F i00 IF(ICA(8) .EQ.2 .OR. ICA(8) .EQ.I)GO TO ii0

F RETURN

F ii0 CA (I0) ,.CA (I0) -CA (3) ".24" (2600. -TEMP)

F IF(CA(10) .LE.0.0)GO TO 120

F TEMP-2600.

F ICA (8) -I

F RETURN

F 120 ICA(8) -0

F CA(10) -0.

F GCOND-8.33

C

C

F

C

F

F 1

C

C

F

F 32

C

CF

CF

C

Y

F

F

F

C

F

M

M

M

F

F

F

F

Y

C

CF

C

END

BCD 3OUTPUT CALLS

DATA TAB/IH /

WRITE (3, I) TIMED, (T (I) , I-l, NNT)

FORMAT (El0.3/, 250 (7F12.3/))

WRITE(IO,32)TIMEO, T%B,{T(I),TAB, I-I,NNT)

FORMAT(EIO.3,AI,250(FI2.3,AI))

IF(TIMEN.GT.33124.E-6)CALL TDUMP

IF(ABS(AMOD(TIMEN, 338.E-6)) .GT.3.9E-7)RETURN

CALL STNDRD

WRITE(6,99)

99 FORMAT(/," NODE TEMP STATUS

t ' Q-MLT V-STAT QSURF',/)

QCOMB GCOND GCONV Q-LOC M-STAT',

DO 200 I-l,100

GCONV-G(1001+I-I)

IQ-K(1001)

STQ-XKIO02

WRITE(6,100)I,T(I),IA(2+(I-I)*I3),A(7+(I-I)"I3),G(I),GCONV, IQ,

IA(8+(I-I)"I3),A(IO+(I-I)*I3),IA(II+(I-I)"I3),STQ

I00 FORMAT(IX, I3,1X, F7.1,1X, I2,1X, ES.3,1X, E8.3,1X, ES.3,1X, I3,2X,12,

2X, E8.3,2X, I2,2X, ES.3)

200 CONTINUE

CALL TDUMP

END

BCD 3END OF DATA
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IV.

In theVARIABLES 1block,thenetworkis examinedto determineappropriate
oxidationheatfluxes,andtheactivesurface(oxidizedsurfacesarealso
disconnectedhere).Thefrictional heat flux with respect to rune is also imposed

here. The key to determining node status and oxidation is controlled in
VARIABLES 1 and the subroutines QOX and QCOMB. In these routines key

status variables are set, and summation of energy is accomplished. In these
routines, a check to see if the node has completely oxidized is made. If so the node
is disconnected from the network, and the succeeding node becomes the first active
surface. Note also, the powerful programming techniques employed by passing
working arrays to the subroutines for data storage and manipulation. Also note that
the arrays are used for mixed mode storage of variables, and therefore must be
addressable as either real or integer.

In VARIABLES 2, the network is again examined, but this _e to account for any

change of phase which may occur. This is accomplished with subroutines QMELT
and QVAP. Again, manipulation of variables in the working arrays is the key to the
simulation. Note also, that the software allows for resolidification of melted nodes,

if the energy balance dictates.

The working array variables are displayed as output through the OUTPUT CALLS

block. Files for plotting are also generated here.

Presentation and Discussion of _Results:

A, Presentation of Unprocessed Results:

Plotted results which illustrate three potential temperature response characteristics
are shown in Figures 7,8,9, and 10. Figure 7 shows typical thermal response of
the first ten nodes when the network energy balance results in temperatures in the

oxidation temperaurm regime. Figure 8, shows similar transient response but the
frictional heat flux is now of sufficient magnitude to cause surface melting (this is

illustrated by the constant node 1 surface temperature at 2600 °F). Also note that
when the surface periodic heat flux is removed, the node resolidifies. Figure 9
shows a case where the energy balance propagates to a combustion event in the

second cycle. Figure 10 is a comparison of the node 1 temperature response for the
three cases above.

Figure 11 illustrates the potential grid recession with time for a combustion event.
Note that when the surface node is fully consumed (has released 3437 BTU/lb) it is
disconnected from the network and arbitrarily given a temperature value of 6000 °F.

Figure 12 is a plot of the active surface temperature derived from Figure 11. Note
here that the combustion temperature is 5000 °F. This indicates that the rate of
reaction is sufficient to cause simultaneous combustion and material vaporization.
While the analytical assumptions and numerical results are very interesting, material

properties are not characterized well enough to fully describe the transient
combustion characteristics (high temperature characteristics). For this example, the
material characteristics prior to melting (oxidation regime) were characterized well

enough to predict the thermal conditions required for the onset of a combustion
event (see reference for further details). Also shown in the following is limited

printed output, which illustrates the progression of the transient response predicted

by the model.
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V*

VI.

Closing Comments:

While this example is quite involved, and deals with a specific and unique problem, the

techniques used and integrated into the SINDA code are powerful analytical techniques.
These can be utilized for many problems where change of phase must be simulated or
where specific chemical _l_es_s (ra.te _actions) or thermodynamic processes must be
simulated. The analysis shown nere _s omy a minor portion of the effort to characterize
bearing ignition potential. The reader is referred to the reference AIAA paper for a full
description of analysis and testing done to characterize the oxidation phenomena.

References:

Page, A., Goode, B., and Owen, J.; AIAA 90-1753, Liouid Oxwen Cooled Bearinglm'fition Potential
Assessmerlr; AIAA/ASME 5th Joint Thennophysics and Heat Transfer

Conference; June 18- 20, 1990; Seattle, WA.
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EXAMPLE PRINTED OUTPUT

l(C) O_PYIIG_I'f 1502,1N3.1904.1905,15|6.1987 J.D._RZ $Z/_DA/1987/ANSX 1.30 _TNORR /WA/.Y$Z$ ASSOCY.ATES. INC. - pAt"_

_DAJ_I_AZ, _tml/_lTZ(_ AIIA/.¥3ZS

"** SIOTZ *** SNT'_L I_QUDt.U
203 Ce/WtNZC STOR&G¢ I_TZONS OUT Or 1312 AVAXI,ABIA ***

_:mmo- o.sooooz-e3, fsm, Ac- 1.0000 , _zmez- 0.200ooz-oe, _, see

TZ.HSO - 0.00000 , OUTPUT- 0.100008-04, DTD_H,, 0.20000E-06, DTZ_I,,, 0.00000

_- 0.10000 , A'FI,_¢A- 0.100008+05, Dltl,XCA,- 0.10000 , D'fI, IPCJ_ 0.100008÷09

ee eeee

TZ_-_COpc.f,4.00003E-04,0 OTZl_/- 2.000008-07, C$Gt¢IX( 100|- 5.99929g-07, AI"I_CC! 0)- 0.00000E+00, D'm_CC(

, AJU, XCC( 0)--0.00000|÷00, 01U,XCC(

_IODE TEMP STATUS _ GCOND _NV Q-I, OC N"-$TAT Q-H.T,T V-STAT _]BUIUP

1 2977.1 2 .38|8-04 .$798-01 .0008÷00 1 2 .2628-04 0 .995K+01

2 2770.8 0 ,000E+00 .$798-01 .0008÷00 1 2 .2558-04 0 .9958÷01

3 2600.0 0 .0008+00 .$79[-01 .000[+00 1 1 .565[-05 0 .9958÷01

4 2568.6 0 .000[÷00 .$79[-01 .0008÷00 1 0 .O00E+O0 0 .9958÷01

S 2543.9 0 .000E+00 .$798-01 .000[+00 1 0 .000[+00 0 .9958+01

6 2527.2 0 .000[+00 .579[-01 .000E+00 1 0 .000[÷00 0 .995E+01

7 2516.4 0 .000[+O0 .$79[-01 .000[+00 1 0 .000[+00 0 .995[+01

8 2509.4 0 .000[+00 .$?9[-01 .000E+00 1 0 .000[+00 0 ,9958÷01

9 2504.7 0 .000[+00 .$79[-01 .000[+00 1 0 .000[+00 0 .9958÷01

10 2501.6 0 .0008+00 .$79[-01 .000[+00 1 0 .0008+00 0 .9958+01

II 2499.4 0 .0008+00 .$798-01 .0008+00 1 0 .0008+00 0 .9958+01

12 2497.9 0 .000E+00 .$798-01 .0008+00 1 0 .0008+00 0 .9958+01

13 24MI.E 0 .000E+00 .$798-01 .000[÷00 L 0 .0008+00 0 .995[+01

14 249S.4 0 .000[+00 .$79[-01 .000E÷00 1 0 .000[÷00 0 .995[÷01

15 2494.3 0 .0008÷00 .$798-01 .000E+O0 L 0 .000[+00 0 .9958÷01

16 2493.2 0 .0008+00 .$79[-01 .000E+O0 1 0 .000[+00 0 .9958+01

I7 2492.0 0 .000E÷00 .$79[-01 .0008+00 1 0 .000[+00 0 .9958+01

18 2490.| 0 .0008+00 .5798-01 .0008+00 1 0 .0008+00 0 .9958+01

19 2489.6 0 .000[+00 .5798-01 .0008+00 1 0 .000[+00 0 .9958+01

20 2488.4 0 .0008+00 .579[-01 .0008÷00 1 0 .000E+00 0 .99S8+01

21 2457.1 0 .000[÷00 .$79[-01 .000[+00 1 0 .0008+00 0 .9958+01

22 2415.0 0 .000E÷O0 .579[-01 .000[+00 1 0 .0008+00 0 .9958+01

23 2484.5 0 .000[+00 .$798-01 .0008+00 1 0 .0008+00 0 .9958+01

24 2403.1 0 .0008+00 .579_-01 .0008+00 I 0 .000E+O0 0 .9958+02

25 2401.7 0 .0008+00 .$798-01 .0008+00 1 0 .0008+00 0 .9958+01

26 2480.3 0 .000[+00 .5?98-01 .000[+00 1 0 .0008+00 0 ._9S8+01

27 2476.9 0 .000[+00 .579[-01 .000[+00 _ 0 .000[+00 0 .9958+01

28 247T.4 0 .0008÷00 .$79[-01 .000[+00 1 0 .0008+00 0 .9958+01

29 2476.0 0 .000[÷00 .$79[-01 .000[+00 [ 0 .0008+00 0 .9958+01

30 2474.$ 0 .000E+00 .5798-01 .0008+00 1 0 .0008+00 0 .9958+01

31 2473.0 0 .000E+00 .579E-01 .0008+00 I 0 .000E+00 0 .9958+01

32 2471.$ 0 .0008+00 .5795-01 .0008+00 1 0 .0008÷00 0 .99SE+01

33 2470.0 0 .000[+00 .579[-01 .000[+00 I 0 .000E+00 0 .9958+01

34 2468.5 0 .000[+00 .5798-01 .000[+00 1 0 .000E+00 0 .9958+01

35 2467.0 0 .0008+00 .579[-01 .0008+00 1 0 .0008+00 0 .9958+01

36 2465.5 0 .0008÷00 .$798-01 .000[+00 1 0 .0008+00 0 .9958+01

37 2464.0 0 .0008+00 .5798-01 .000[+00 1 0 .000[+00 0 .9958+01

38 2462.4 0 .000E+O0 .$798-01 .000E+00 1 0 .0008+00 0 .9958+01

39 2460.9 0 .000[+00 .5798-01 .0008+00 1 0 .000E+00 0 .995E+01

40 2459.4 0 .000E+00 .5798-01 .000[÷00 i 0 .000R÷00 0 .9958+01

41 2458.0 0 .000[+00 .5798-01 .0008÷00 1 0 .0008+00 0 .995[+01

42 2456.5 0 .000[+00 .5798-01 .0008+00 I 0 .0008+00 0 .995E+01

43 2455.0 0 .0008+00 .$79[-01 .0008+00 1 0 .0008+00 0 .9958+01

44 2453.6 0 .000E+00 .5798-01 .0008+00 1 0 .0008+00 0 .9958+01

45 2452.1 0 .0008+00 .5798-01 .000[+00 l 0 .0008+00 0 .9958+01

46 2450.7 0 ,000[+00 .$798-01 .0008÷00 1 0 .0008+00 0 .9958+01

47 2449.3 0 .000[÷00 .$79[-01 .0008+00 i 0 .0008+00 0 .9958+01

4S 2447.9 0 .0008+0_ .$79[-01 .000[+00 1 0 .000_+00 0 .995E+01

49 2446.5 0 .0008÷00 .$79[-01 .0008+00 1 0 .000[+00 0 .9958÷01

50 2445.1 0 .0008÷00 .5798-01 .0008+00 l 0 .000Z+00 0 .9958+01

51 2443,8 0 .0008+00 .5798-01 .0008+00 l 0 .000[÷00 0 .9958+01

52 2442.5 0 .000[+00 .5798-01 .0008+00 1 0 .000[÷00 0 .9958+01

53 2441.2 0 .000E+00 .579E-01 .000[÷00 l 0 .0008+00 0 .9958+01

54 2439.$ 0 .0008+00 .5798-01 .000[+00 I 0 .000[+00 0 .995[+01

55 2438.6 0 .000[+00 _$79[-01 .0008+00 1 0 .000E+00 0 .995E+01

56 243?.4 0 .0008+00 .$798-01 .000E+00 I 0 .000[+00 0 .9958+01

57 2436.L 0 .000[+00 .5798-01 .000[+00 L 0 .0008+00 0 .9958+01

58 2434.9 0 .0008÷00 .$798-01 .0008+00 l 0 .0008÷00 0 .995[+01

59 2433.4 0 .0008+00 .579[-01 .000[+00 1 0 .0008÷00 0 .995[+01

60 2432.6 0 .0008+00 .S?�E-01 .0008+00 1 0 .000E+00 0 .9958+01

61 2431.5 0 .0008+00 .579[-01 .000[+00 1 0 .000E+00 0 .995E+01

62 2430.4 0 .000[+00 .$79[-01 .000[+00 1 0 .0008+00 0 .9958+01

63 2429.3 0 .000[+00 .579[-01 .000[+00 [ 0 .0008+00 0 .9958+01

64 2428.2 0 .000[+00 .$79[-01 .000E+O0 l 0 .0008+00 0 .995_+01

65 2427.2 0 .0008÷00 .$79[-01 .0008+00 1 0 .0008+00 0 .995£÷01

66 2426.1 0 .000[+00 .5798-01 .000E+00 1 0 .000E+00 0 ._95E÷01

67 2425.1 0 .0008+00 .$79[-0l .0008+00 1 0 .000E+00 0 .9958*01

68 2424.1 0 .0008+00 .5798-01 .000[+00 L 0 .0008+00 0 .995E+01
69 2423.2 0 .0008+00 .$79E-01 .0008+00 l 0 .000Z+00 0 .9958+01

70 2422.2 0 .0008+00 .5T98-01 .000E+00 l 0 .000E+00 0 9958+01

7_ 2421.3 0 .0008+00 .5798-01 .000E+O0 l 0 .000E+O0 0 995_01

72 2420.4 0 .000_+00 .S?�E-01 .000E+00 1 0 .0008+00 0 .9958,0l

_3 2419.$ 0 .000E+00 .S79E-OI .000_+00 l 0 .000_00 0 .995E+01

74 2410.7 0 .0008+00 .5798-01 .0008+00 l 0 .000E+00 0 995£+01

75 2417,1 0 .0008+00 .5798-01 .O00E+O0 _ 0 .0008+00 0 .995E+01

_6 2417.0 0 .000[+O0 .$798-01 .0008+00 L 0 .0008+00 0 .9958+01

77 2416.2 0 .000E+O0 .$798-01 .000[+00 L 0 .O00E_O0 0 .9958,01

78 2415.4 0 .O00E+O0 .$79[-01 .000[+00 1 0 .0008*00 0 _958,01

79 2414.6 0 .000E+00 .579_-01 .0008+00 i 0 .0008+00 0 .9958+01

80 2413.| 0 .000E+00 .$798-01 .0008+00 1 0 .0008+00 0 995E÷01

91 2413.1 0 .000[+00 .579[-01 .000[+00 l 0 .0008+00 0 .995_÷01

_2 2412.3 0 .0008+00 .5798-01 .000[+00 l 0 .000E+00 0 9958+01

_3 2411.6 0 .000_+00 .5798-01 .000E+O0 L 0 .000E+O0 3 3958+01

84 2410.9 0 .0008+00 .5798-01 .000E+00 l 0 .0008÷00 3 995g*01

85 2410.2 0 .0008+00 .5798-01 .000E+O0 l 0 .000[+00 3 9958,01

86 2409.5 0 .000_+00 .5798-01 .0008+00 l 0 .000E+00 0 9958+01

3)- 2.1154|8+01

0)- 0.000008+00
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|? 24011,1

|l 240|.1

119 240"/.5

90 2406.0

91 2406.2

92 2405.5

9.1 2404.9

94 2404.3

9S 2403.?

96 2403.0

9") 2402.4

90 2401.|

99 2401.2

lO0 2400.6

0 .000E*O0 .STSE-OI .000E+00

0 .000E÷00 .STSE-O1 .000E÷O0

0 ,000E+00 .STgE-01 .000E÷00

0.000E+00 .579E-01 .000E+00

0 ,000E÷00 .$75g-01 .000E+00

0 .000E+00 .5750-01 .000B+00

0 .0000+00 .5790-01 .0000+00

0 .0000÷00 .5731-01 .000E_O0
0 .0002+00 .S791-01 .000E+O0

0 ,0000+00 ,$790-01 .0001+00

0 .000Z÷00 .$79E*01 .000_+00

0 ,0002+00 .S?gE-01 .000E+O0

0 .000Z+00 .579E-01 .000E+00

0 .0000+00 .$79Z-01 .000E+00

1 0 .000E+00 0 .995E÷0l

1 0 .000t+00 0 .99SZ+01

1 0 .000E÷00 0 .9952+01

l 0 .0002+00 0 .9950+01

0 .000Z÷00 0 .$9SE+01

1 0 .O00R+00 0 .99$E+01

1 0 .000Z+00 0 .99$E÷01

1 0 .000E+00 0 .gSSZ÷01

1 0 .000E+00 0 .95SE÷01

1 0 .000E÷00 0 .99SE+01

1 0 .000E+00 0 .9950÷01

1 0 .000[÷00 0 .99S1÷01

1 0 .000£÷00 0 .995E÷01

1 0 ,000£+00 0 .995£+01

TIPqZ- 4.10003£-04° DTIMZU- 2.000000-0?, CSGIqlN(

T._OPCT- 0

100)- $.99929£-07, ATMPCC(

• N_,.XCC(

NOD| TEI, f STATUS _ GCOND

1 3064.1 2 .130£-03 .579E-01

2 2911.4 0 .000£+00 .579E-01

3 2?|2.2 0 .0002+00 .579£-01

4 2000.6 0 .0002+00 .3791-01

$ 2600.0 0 .000£+00 .$79£-01

& 2572.8 0 .000[÷00 .5794-01

? 2551.2 0 .0002+00 .579£-01

4 2535.7 0 .000£+00 .$79£-01

9 2524.3 0 .000£+00 .$79£-01

10 2515.7 0 .000£+00 .579[-01

11 2509.2 0 .000E+00 .5790-01

12 2504.3 0 .000[+00 .575[-01

13 2500.6 0 .000[÷00 .$79B-01

14 2497.| 0 .000£÷00 .$79[-01

15 2495.6 0 .000£÷00 .579£-01

16 2493.e 0 .000S+00 .$79£-01

1? 2492.3 0 .O00E+O0 .579[-01

LI 2490.9 0 .000[÷00 .$79[-01

19 2489.5 0 .000[÷00 .579£-01

20 2400.2 0 .000[÷00 .$79Z-01

21 2406.9 0 .0002+00 .579[-01

22 2405.6 0 .000£÷00 .579£-01

23 2484.3 0 .000£+00 .579£-01

24 2402.9 0 ,0O0g+00 .579£-0%

25 2481.5 0 .000£+00 .S?gE-01

26 2480.1 0 .000[+00 .579£-01

27 2474.7 0 .000£÷00 .$79£-01

24 24?7.3 0 .000E÷00 .579t-01

29 2475.8 0 .000£÷00 .$791-01

30 2474.4 0 .000£+00 .$79E-01

31 2472.9 0 .000£+00 .$79£-01

32 2471.4 0 .000[+00 .579K-01

33 24?0.0 0 .000[÷00 .579[-01

34 2460.5 0 .000£+00 ,579[-01

35 2467.0 0 .0002÷00 .579£-01

36 2465.5 0 .000£÷00 .579t-01

37 2464.0 0 .000Z÷00 .579Z-01

38 2462.5 0 .000£÷00 .579E-01

39 2461,0 0 .O00Z+O0 .399[-01

40 2459.5 0 .000£+00 .3790-01

41 2450.0 0 .000E÷00 ,$79£-01

42 2456.6 0 .000E+O0 .$79[-01
43 2455.1 0 .000£+00 .579£-01

44 2453.? 0 .000[÷00 .$79[-01

45 2452.2 0 .000[+00 .579[-01

46 2450.8 0 .000[+00 .579[-01

47 2449.4 0 .000£÷0Q .579£-01

4| 2448.0 0 .000[+00 .579R-01

49 2446.6 0 .0000+00 .579[-0l

50 244S.3 0 .000£+00 .579£-01

S1 2443.9 0 .O00R+O0 ,579E-01

52 2442.6 0 .O00Z÷O0 .5792-01

53 2441.3 0.000E+O0 .$79£-01

54 2440.0 0 .000£÷00 .$79£-01

55 2430.8 0 .000£+00 .$79[-01

56 243?.5 0 .000£÷00 .$79£-01

57 2436.3 0 .000[÷00 .$79[-01

58 2435.1 0 .000[+00 .579_-01

59 2433,9 0 .000[_00 .$79[-01

60 2432.8 0 .0001+00 .5798-01

61 2431.7 0 ,000[÷00 .579£-01

62 2430.5 0 .000£÷00 .579£-01

63 2429.5 0 .000£+00 .5793-01

64 2420.4 0 .000£+00 .579[-01

65 2427.3 0 .000£+00 .579£-01

66 2426.3 0 .000£+00 ,579£-01

67 2425.3 0 .000£+00 .579£-01

68 2424.3 0 000£+00 .579[-01

6_ 2423.3 0 000£+00 .579[-01

TO 2422.4 0 000Z+O0 .579£-01

71 2421.5 0 000£+00 .579[-01

72 2420.6 0 000£+00 .579[-01

?3 2419.7 0 000[+00 .$79£-01

74 2418.0 0 .000£+00 .579Z-01

75 2418.0 0 .000£+00 .579E-01

76 24l?.1 0 .000£+00 .$79E-01

?? 2416.3 0 ,000(+00 .579£-01

?t 2415.5 0 .000[_00 .579£-01

79 2414.? 0 .000£+00 .579[-01
00 2413.9 0 .000£+00 .579E-01

81 2413.2 O ,000[+00 .579[-01

82 2412.4 0 .000£+00 579Z-01

83 2411.7 0 .000£+00 ,579£-01

84 2411.0 0 1000E+00 .5?9E-01

45 2410,3 0 .000£+00 .579E-01

46 2409.6 0 000E+00 .579E-01

GCONV Q-b0C

.000R+00 I

.000R+00 I

.000£+00 1

.000£÷00 i

.000[+00 I

.000[+00 1

.000£+00 I

.0000+00 1

.000[+00 1

.000E+O0 1

.0001÷00 1

.000Z+O0 1

.000E+00 1

.000£+00 1

.000K÷00 1

.000K÷00 1

.000£+00 1

.000£+00 1

.000£+00 1

.O00E+O0 I

.000Z+00 1

.000£+00 I

.000£+00 1

.000£+00 1

.000£+00 1

.000£+00 1

.0000+00 1

.000£+00 l

.000[+00 I

.000E+00 1

.0002÷00 1

.000£+00 1

.0000+00 I

.000£+00 I

.000£+00 1

.000£+00 I

.000£+00 1

.000£+00 I

.000£+00 1

,000£+00
.000[+00

.000£+00

.000[+00

.000[+00

.000[÷00

.000£+00

,000£+00

.000E+00

.O00B+O0

.000£+00

.000£÷00

.000£÷00

.000£+00

.000£+00

.000[+00

.000R+00

.000R+00

.000£÷00

.000£+00

.000£+00

.000£+00

.000£+00

.000£+00

.000£+00

,000E+O0

.000[+00

.000£+00

.000£+00

.000£+00

.000[+00

.000£+00

.000£+00

.000[+00

.000E+00

.000£+00

.000£+00

.000£+00

.000[+00

.000£+00

.000Z+00

,O00E+O0

.O00E+O0

.000£÷00

.O00E+O0

.000[+00

.000Z+00

M-STAT O-NLT

2 .262E-04

2 .255£-04

2 .250£-04

2 .261£-04

1 .165£005

0 .000£+00

0 ,000£+00

0 .000Z+00

0 .000£÷00

0 .000[+00

0 .0000÷00

0 .0000÷00

0 .000£+00

0 .000[+00

0 .000£+00

0 .0000+00

0 .000£+00

0 .000£+00

0 .000£+00

0 .000£+00

0 .000£+00

0 ,000£÷00

0 .000[+00

0 .000[+00

0 .000Z+O0

0 .000[+00

0 .000£+00

0 .000£+00

0 .000£+00

0 ,000£+00

0 .000B+00

0 .O00E+O0

0 ,000£+00

0 .000£+00

0 .000£+00

0 .000£÷O0

0 .000E÷O0

0 .0000÷00

0 .000£+00

1 0 .000£+00

1 0 .000[+00

1 0 .000[+00

I 0 .000£+00

1 0 .000£+00

1 0 .000£+00

i 0 .000K+00

i 0 .000(+O0

1 0 .000[÷00

1 0 .000£+00

I 0 .000£+00

I 0 ,000£+00

1 0 .000£+O0

L 0 .000£+00

L 0 .000£+00

L 0 .000£+00

1 0 ,000[÷00

1 0 .000£+00

1 0 .000£+00

1 0 .000Z+00

1 0 .0000+00

1 0 O00E÷O0

I 0 000E+00

1 0 000£+00

I 0 000[÷00

1 0 000E+00

1 0 000£+00

1 0 .000£+00

1 0 .000£+00

L 0 .O00E+O0

1 0 .000£+00

i 0 ,000E+00

L 0 .000E+00

I 0 .000E+00

I 0 .000E_00

i 0 .000E+00
i 0 .000£+00

1 0 ,000E+00
1 0 .000E_O0

i 0 ,000E+O0

1 0 000E+00

L 0 ,000E+00

I 0 ,000E+00

l 0 300E+00

I 0 .000E+00

I 0 .0000+00

L 0 .000[÷00

V-$TAT _URF

0 ,99S£+01

0 .993£+01

0 .995R+01

0 .995[÷01

0 .995£+01

0 .$952+01

0 .995£+01

0 .995£+01

0 .9952+01

0 .99S£+01

0 .995£+01

0 .993£+01

0 .995£+01

0 .995£+01

0 .993£+01

0 .995£+01

0 .995£+01

0 .993£÷01

0 .995£÷01
0 .995£+01

0 .9952+01

0 .9952+01

0 .9932+01

0 .993Z+01

0 .995Z+01

0 .9952+01

0 .993£+01

0 .9950+01

0 .9930+01

0 .9930+01

0 .993£+01

0 .9950÷01

0 ._95£+01

0 .995£+01

0 .9952+01

0 995[÷01

0 .995£÷01

0 ,9952÷01

0 9950+01

0 995£+01

0 9954+01

0 995B+01

0 9930÷01

0 993£+01

0 993£÷01

0 9950+01
0 995£+01

0 9950÷01

0 .9952÷01

0 .9932+01

0 .9952÷01

0 ._gSE+01

0 .99S£+01

0 .9950+01

0 .39SK÷01

0 .995K+01

0 .9950+01

0 .995£÷01

0 .9930+01

0 .9950+01

0 99SE+01

0 ,995£+01

0 ._952+01

0 .9950+01

0 .995£+01

0 .993K+01

0 ,995K+01

0 ,993£+01

0 .9950+01

0 .9950+01

0 .9950÷01

0 ,995E÷Ot

3 ,9950+01

0 .9950+01

0 9950+01

0 %95E÷01

0 _9SE+01

995E+01

3950+01

9950+01

3 995E+01

3 }950+01

0 39SE*01

3 3950+01

}950o01

0)- 0.00000[÷00. 0TMPCC{

0)- 0,00000£+00, 0RL, XCCI

51- 4.032552÷00
0)- 0.000002+00
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07 2408.9 0 .000K+O0 .571B-01 .000R+00 1 0 .000g÷00 0 .9116+01

48 2408,2 0 .000K+OO .5791-02 .000E+00 1 0 .0O0E÷00 0 .$911+01

49 2407,5 O .OO0E÷O0 .5718-01 .000B+O0 1 0 .00OK÷00 0 .9951+02

90 2406.$ 0 .000B÷O0 .571-01 .O00E+00 1 0 .000B÷00 0 .$951+01

$1 2406.2 0 .000E÷O0 .$79[-01 .000B÷00 1 0 .000E+00 0 .$951+01

92 2406.6 0 .0001+OO ,5791-01 .000E÷O0 1 0 .0001÷00 0 .9961+01

93 2404.9 0 .000|÷00 .5791-01 .000E÷O0 1 0 .000E÷00 0 .9961+01

94 2404.3 0 .000E+00 .57911-02 .00OE+O0 1 0 .000E÷00 0 .9151+01

95 2403.? 0 .000E+00 .$791-01 .0003÷00 1 0 .000E÷00 0 .9151+01

96 2403.1 0 .000E+O0 .5791-01 .000Z÷00 1 0 .000E÷00 0 .9956+01

97 2402.5 0 .000B+00 .5791-01 .000B÷O0 1 0 .0001+00 0 .$956+01

91 2401.8 0 .0001÷00 .5714-01 .00_1+00 1 0 .000E+00 0 .$951+01

99 2401.2 0 .000E÷00 .571|-01 .000|+00 1 0 .000E÷00 0 .$961+01

100 2400.6 0 ,000K+00 .5T$1-01 .000|÷00 1 0 .000E÷00 0 .ggSl÷01

e*Qee*eem*e*tteet

TIlg_ 4.200031-04, DTIJ_U_ 2.000001-0?, CSGNIN(

LOOPC'P- 0

100)- 5°999291-0?° A'JL�_CC(

• AJU, XCC(

LqOD_ _ ST&'J_S QCC01

1 3218.? 2 .2381-03 .$791-01 .0O0E÷00 1 2 .2621-06

2 5065.1 0 .0001÷00 .S791-01 .000E÷00 1 2 .2151-04

3 2029.0 0 .0001+00 .5701-01 .000E+O0 1 2 .2601-04

4 2808.1 0 .000E+00 .$796-01 .000E÷00 1 2 .2611-04

5 2701.0 0 .000g+00 .5791-01 .000K÷00 1 2 .2591-04

6 2600.0 0 .0001+00 .5?91-01 .000K÷00 1 1 .1571-04

7 2501.3 0 ,000K+00 .579K-01 ,000K÷00 1 0 .0001÷00

8 251;3.8 0 .000E+00 .5791-01 .000g÷00 1 0 .000B÷00

9 2549.5 0 .0O0E+00 .S79E-01 .000E÷00 1 0 .000E÷00

10 2535.6 0 .000K+00 .579K-01 .000E+O0 1 0 .000E_00

11 2525.1 O .0001+00 .5791-01 .0001÷00 1 0 .000K+00

12 2516.7 0 .000E÷00 .5791-01 .0001+00 1 0 .000E+00

13 2510.1 0 .000g+00 .57M¢-01 .0001÷00

14 2504.9 0 .000E÷O0 .5791-01 .0001÷00

15 2500.1 0 .0001÷00 .5791-01 .000E+00

16 249?.4 0 .000E+00 .$7Sl-01 .0001+00

17 2494.? 0 .000E+00 .5791-01 .0001+00
10 2492.5 0 .000E+00 .5711-01 .0001+00

19 2490,5 0 .000E+00 .5701-01 ,000E+00

20 2400.8 0 .0001+00 .5711-01 .0001+00

21 2407.2 0 .0001+00 .5791-01 ,0001+00

22 2405.7 0 .000E+00 .5791-01 .0001+00

23 2414.2 0 .0001+00 .5701-01 .000E+00

24 2402.8 0 .000E+00 .5791-01 .0002÷00

25 2401.4 0 .0001+00 .$701-01 .0001+00

26 2480.0 0 .0001÷00 .5701-01 .000_+00

27 2470.6 0 .0001+00 .5791-01 .0001÷00

2| 24??.2 0 ,000E+00 ,5791-01 .0001+00

O-LOC N-$TAT O-MLT V-$T,_r _U1_ e

0 .$951+01

0 .9951+01

0 .9051+01

0 .9951+01

0 .9951+01

0 .995K+01

0 .9951+01

0 .9951÷01

0 .995K+01

0 .9951+01

0 .995B+01

0 .9951÷01

1 0 .0001+00 0 .9951+01

1 0 .0001+00 0 .995E+01

1 0 .0001+00 0 .9951+01

1 0 .0001+00 0 .9951+01

1 0 ,0001+00 0 .9951+01

0 .0001+00 0 .9951÷01

1 0 .0001+00 0 .9911+01

1 0 ,0001+00 0 .9051÷01

L 0 .0001+00 0 .9951÷01

i 0 ,0002+00 0 .9951+01

L 0 .000Z+00 0 .9951+01

1 0 .0002+00 0 .9951+01

1 0 .0001+00 0 .9951+01

1 0 .0001+00 0 .9951+01

L 0 ,0001+00 0 .9951+01

L 0 .0001+00 0 .991E+01

29 2475.7 0 .0001+00 .5791-01 .0001+00

30 24?4.3 0 .0001+00 .5791-01 .0001+00

31 24?2.8 0 .0001+00 .5791-01 .0001+00

32 2471.4 0 .0001+00 .5791-01 .0001+00

33 2465.9 0 .000E+00 .5791-01 .000E÷00

34 2468.4 0 .0001÷00 .5791-01 .0001÷00

35 246?.0 0 .0001÷00 .5791-01 .0001+00

36 2465.5 0 ,0001+00 .5791-01 .0001+00

37 2464.0 0 .000E÷00 .5791-01 .0001+00

34 2442.5 0 .000E÷00 .5791-01 .0001+00

39 2461.0 0 ,0001+00 .5701-01 .0001÷00

40 2459.4 0 .0001+00 .5791-01 ,0001+00

41 2454.1 0 .0001+00 .5791-01 .0001+00

42 2456.6 0 .0001+00 .5791-01 .0001+00

43 2455.2 0 ,000Z÷00 .5791-01 .0001+00

44 2453.8 0 .0001+00 .5791-01 .0001+00

45 2452.3 0 .0001+00 .5791-01 .0001+00

46 2450.9 0 .0001+00 .5791-01 .0001+00

47 2449.5 0 .0001÷00 .5791-01 .0001+00

48 2448.1 0 ,000E+00 .5701-01 .0001÷00

49 2446.4 0 .0001÷00 .5791-01 .0001+00

50 2445.4 0 .0001÷00 .5?9_-01 .0001÷00

51 2444.1 0 .0001÷00 .5791-01 .0001+00

52 2442.4 0 .000_÷00 .5791-01 .000Z+00

53 2441.5 0 .000E+00 .5701-01 .0001+00

54 2440.2 0 .000E÷00 .5791-01 .000Z÷00

55 243|.9 0 .000E+O0 .$791-01 .0001+00

56 245?.7 0 .0001÷00 .5791-01 .000E+00

57 2434.5 0 .0001÷00 .5791-01 .0001+00
58 2435.3 0 .0001+00 .5791-01 .0001+00

59 2434.1 0 .0001÷00 .5701-01 .0001+00

60 2433.0 0 .0001+00 .S?91-01 .0001+00

61 2431.8 0 .0001+00 .5791-01 .0001÷00

62 2430.7 0 .0001÷00 .5791-01 .0001+00

63 2429.6 0 .000E+Q0 .5791-01 .0001+00

64 242|.6 0 .000E÷00 .5791-01 .0001+00

65 2427.5 0 .0001÷00 .5792-01 .0001+00

66 2426.5 0 .0001+00 .579_-01 .0001+00

67 2425.5 0 .0001+00 .5791-01 .000E+00

68 2424.5 0 .0001+00 .579_-01 ,0001+00

69 2423.5 0 .000Z÷00 .5791-01 .0001÷00

70 2422.6 0 .0001÷00 .$791-01 .000E+00

71 2421.6 0 .0001÷00 .5791-01 .000E÷00

72 2420.7 0 .000Z_00 .579E-01 .000Z+00

73 2419.8 0 .0002÷00 .5791-01 .000Z+00

74 2419.0 0 .000E÷00 .579E-01 .000Z÷00

75 2418.1 0 .0002+00 .579_-01 .0001+00

74 2417.3 0 .0001.00 .5791-01 .000E+00

77 2416.4 0 .000E+00 .5791-01 .000Z+00

79 2415.6 0 .0001+00 .579E-01 .000E+00

79 2414.8 0 .0001÷00 .579E-01 .000E÷00

40 2414.1 0 ,000Z_00 .579E-01 .0001÷00

81 2413.3 0 .000Z÷00 .5791-01 .0001+00

42 2412.5 0 ,0001÷00 .5791-01 .0001+00

43 2411.8 0 .000E+00 .579E-01 .000Z+00

84 2411.1 0 .O00E÷O0 .5791-01 .0001+00

85 2410.4 0 ,0001+00 .5791-01 000_÷00

86 2409.7 0 .0001+00 .5992-01 .000_+00

0 .0001+00 0 .9951+01

l 0 .0001+00 0 .9951+01

0 .000Z÷00 0 .9991+01

l 0 .O00Z+O0 0 .$961÷01

t 0 .000Z+00 0 .995Z+01

L 0 .0001+00 0 .995E÷01

L 0 .0001+00 0 .995_÷01

L 0 .O00E+O0 0 .9951÷01

L 0 .000Z+00 0 .9951÷01

L 0 .0001+00 0 .9951+01

L 0 .000Z+00 0 .9951+01

L 0 .0001+00 0 .995_÷01

L 0 .0001+00 0 .9951+01

L 0 .0001+00 0 .995E+01

1 0 .0002+00 0 ,9951+01

L 0 .000Z+O0 0 .90SE+01

L 0 .0001+00 0 .9951+01

L 0 .000Z+00 0 .9951÷01

L 0 .000Z+00 0 .9151+01

L 0 .0001+00 0 .9961+01
L 0 .000E÷00 0 .9962_01

L 0 .000_÷00 0 .9961+01

L 0 .0001+00 0 .99S_+01

L 0 .0001+00 0 .996_+01

L 0 .0002+00 0 .9052÷01
L 0 .000E+O0 0 .995_+01

L 0 .0001÷00 0 .9962+01

L 0 .O00E+O0 0 .9952+01

L 0 .000E÷00 0 .995[+01

L 0 .O00E+O0 0 .9962+01

L 0 .0002÷00 0 .995_+01

L 0 .000Z+00 0 .9962÷01

L 0 .0001+00 0 .995Z+01

l 0 .0001+00 0 .9952+01

L 0 .0001÷00 0 .995_+01

L 0 .0001+00 0 .995Z+01

L 0 ,0001÷00 0 .9951+01

i 0 .0001+00 0 .9952+01

L 0 .000E÷00 0 .9962+01

L 0 ,O00E÷O0 0 .9951+01

L 0 .000E+00 0 .9951÷01

L 0 ,000E+00 0 .9952+01
L 0 .0001+00 0 .9952+01

L 0 .000E÷00 0 .995Z+01

L 0 ,0001+00 0 .9952+01

L 0 O00Z+O0 0 .995_+01

L 0 .000E+O0 0 .9951+0!

L 0 .000E+00 0 .9951+01

i 0 .0002+00 0 .9952+01

L 0 .O00E_O0 0 .9952+0!

L 0 .OOQZ+O0 0 .9952+01

L 0 .000_+00 0 .9951+01

L 0 ,O00Z÷O0 0 .995Z_01

L 0 .0001+00 0 .9951+01

L 0 .O00Z+O0 0 .9951+01

L 0 .0002+00 0 .9951+01

L 0 .000Z÷00 0 .9951+01

L 0 .O00Z+O0 0 .995Z+01

0)- 0.000001÷00, D'D_CC(

0)- 0.00000_+00, DRI,XCC(

6)- L.349101+01

0)- 0.00000E+00
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4? 2409.0 0 .000E÷00 .S79E-01 .000E+00 L 0 .000Z÷00 0 .$95E_O1

$$ 2405.3 0 .000E+00 +$79E-01 .000E+00 1 0 ,000E+00 0 .$95E+01

49 2407.1 0 .000E+00 .$79E-01 .000E+O0 i 0 .000E+O0 0 .995E+01

90 2406.9 0 .00OE+00 .579E-01 .000E+O0 1 0 .000Z+00 0 .995E+01

91 240E.3 0 .000E+00 .$79E-01 .000E+00 1 0 .0005+00 0 .9955+01

92 2405.1 0 .000E+00 .$?$5-01 .000E+00 1 0 .0005+00 O .99SE+01

93 2405.0 0 .0005+00 .$795-01 .00OZ+O0 1 0 .0005+00 0 .g�SE÷01

94 2404.4 0 ,000Z+0O .$T95-01 .0005+00 1 0 .0005+00 0 .9955+01

9$ 2403.7 0 .0005+00 .579E-01 .0005+00 1 0 .000E+00 0 .99S5+01

96 2403.1 0 .0005+00 .$79E-01 .0005+00 1 0 ,0005+00 0 .9955+01

97 2402.5 0 .0005+00 .579E-01 .0001[+00 1 0 ,000E+00 0 .9955+01

98 2401.9 0 .0001[+00 .$791[-01 ,0001[+00 1 0 .000E+00 0 .9951[+01

99 2401.2 0 .0001[+00 .5791[-01 .0005+00 1 0 .0001[+00 0 .9951[+01

;00 2400.6 0 .0001[+00 .$791[-01 .0005+00 1 0 .0005+00 0 .99S1[+01

TZJ_- 4.300035-04° DTZ!q1[U- 2.000001[-07. C$GNIN(

NO0_ T_vlP STATUS

L 3354.1 2 .3371[-03

2 3197.8 0 .0001[+00

3 3056.3 0 .0001[+00

4 292|.4 0 .0001[+00

5 2811.9 0 .0001[+00

6 2703.8 0 .000E+00
? 2600.0 0 .000E+O0

| 2564.1 0 .0001[+00

9 2568.9 0 .0001[÷00

10 2556.9 0 .0001[+00

I1 2542.4 0 .000E+00

L2 2531.6 0 .0001[+00

13 2522.6 0 .0001[+00

14 2315,0 0 .0001[+00

15 2508,8 0 .0001[+00

L6 2503.8 0 .0001[+00

17 2499.6 0 .000E+O0

11 2696.1 0 ,0001[+00

19 2493.2 0 .0001[+00

20 2490.7 0 .0001[+00

21 2488.5 0 .0005+00

22 2686.6 0 .0001[+00

23 2414.8 0 .0001[+00

24 24|3,2 0 .00O1[+00

25 26|1.6 0 ,0001[+00

26 2480.1 0 .0001[+00

27 2478.6 0 .0001[+00

26 2477.2 0 .0001[+00

29 2475.7 0 .0001[+00

30 2474.2 0 ,0001[+00

31 2472.8 0 .0001[+00

32 2471.3 0 ,0001[+00

33 2469.9 0 .0001[+00

34 2466.4 0 .0001[+00

35 2466.9 0 .000E+00

36 2465.5 0 .0001[+00

37 2464,0 0 .0001[+00

38 2462,5 0 ,0OO1[+00

39 2461.1 0 ,0001[+00

40 2459.6 0 .0001[+00

4L 2450,2 0 ,0001[+00

42 2456.7 0 ,0001[+00

43 2455.3 0 ,0001[+00

44 2453.9 0 .0001[+00

45 2452,4 0 .0001[+00

46 2451.0 0 .0001[+00

47 2449.6 0 .000Z+00

48 2448.3 0 .0001[+00

49 2446.9 0 .0001[+00

50 2445.6 0 .0001[+00

51 2444.2 0 ,000E+00

52 2442.9 0 .000¢+00

53 2441.6 0 .000[+00

54 2440.4 0 .0001[+00

55 2439.1 0 .000E+00

56 2437,9 0 .0001[÷00

57 2436.7 0 .0001[÷00

58 2435.5 0 .0001[+00

59 2434.3 0 0001[+00

60 2433.L 0 0001[÷00

61 2432.0 0 0001[+00

62 2430,9 0 000E+O0

63 2429.8 0 0001[+00

64 2428,7 0 0001[+00

65 2427.7 0 0001[+00

66 2426.6 0 0001[+00

67 2425.6 0 0001[+00

64 2424.6 0 0005+00

69 2423.7 0 000Z+O0

70 2422,7 0 0001[+00

71 2421,$ 0 0001[÷00

72 2420.9 0 0001[+00

73 2420.0 0 000[+00

74 2419.1 0 .O00E+O0

75 2418.2 0 .0001[+00

76 2413.4 0 .000[+00

77 2416,6 0 .0001[÷00

70 2415,8 0 .000[+00

79 2415.0 0 .0001[+00

80 2414.2 0 .0001[_O0

81 2413.4 0 .000E*O0

92 2412,6 0 .000E_O0

83 2411.9 0 .0001[+00

84 2411.2 0 .0001[+00

8S 2410.5 0 000E+00

86 2409.7 0 ,0O0E+00

GCOIIIV Q-I,0C

. $791[-01 . O001e+O0 1

. $791e-01 .0001[+00 1

.$791[-01 .0001[+00 1

.5791[-01 .0001[+00 1

.5791[-01 ,0005'1'00 1

.5791[-01 .0001[+00 1

• 5791[-01 .0005+00 L

.5791[-01 .000114"00 L

.5791[-01 .0001[+00 L

.$791[-01 .0001[+00 _.

. $79B-01 .0001[+00 1

. $791[-01 .0005+00 1

.5"/91[-01 .0001[':'00 1

. $791[-01 .0001[+00 1

.$791[-01 .0001[+00 1

. $791[-01 .0001[+00 1

. $791[-01 . 0005+00 1

. $791[-01 . 0001[+00 1

. $791[-01 . 0001[+00 1

.5791[-01 .0001[+00 1

.5791[-01 .000B+O0 1

.5791[-01 .0001[+00 1

.$791[-01 .0001[+00 I

.5791t-01 . O00E÷O0 1

.5791_-01 .000B+O0 1
• 5791[-01 .0001[+00 1

.579B-01 .0001[+00 1

.5791[-01 .0001[+00 1

. $791[-01 .0001[+00 1

.579E-01 .0001[+00 l

.57_R_-01 ,000E+O0 L

.579B-01 ,0001[+O0 L

..5791[-01 .0001[÷00 1

.5791[-01 .0001[+00 I.

. .5791[-01 .0001[+00 7.

. $ 791[-01 .0001[+00 _,

.5791[-01 .0001[+00 1

. $'/91[-01 .0001[÷00 1

. $791e-01 .0001[+00 1

.5791[-01 .0001[÷00 1

.5791[-01 .0001[+00 1

579E-01 .0001[÷00 l
.5"/91[-01 .0001[+00 1

. $791[-01 .0001[+00 1

.5791[-01 .0001[÷00 1

. $791e-01 .000B÷O0 1

• 5791[-01 .0001[÷00 1

.579E-01 .0001[+00 1

,579[-01 .000Z+00 1

.579E-01 .000E+O0 1

,579E-01 . 000B+O0 1

• 579E-01 .0001[+00 l

.5791[-01 . 0001[+00 1

. $791e-01 .0001[+00 1

.579E-01 . 0001[+00 L

. _,791[-01 .0001[÷00 I

.579B-01 .0005+00 1

. $791[-01 .0001[+00 1

.5791[-01 .0001[+00 1

.$791[-01 , 0001[+00 1

.579B-01 . 0001[+00 1

.5791[-01 .0OO1[÷00 1

.5791[-01 .0001[÷00 1

.5791[-01 ,000B+00 i

.5791[-01 .0001[+00 I

.5791[-01 .0001[+00 1

.5791[-01 .0001[+00 1

.5791[-01 .000[_00 1

,5791[-01 .0001_+00 1

.579[-0L ,000[+00 1

,579E-01 .0001r _00 1

• 579E-01 , 0001[+00 1

.579E-0_. .0001[+00 L

,579E-01 . OOOE+O0 L

,5791[-01 .0001[+OO 1

.5791[-01 .0001[+O0 L

.579E-01 .0001[+00 l

.579£-01 .000E+00 1

. $79£-01 .000£+00 L

. $791[-01 ,0001[+00 ].

. YY9[-01 .000E+00 $

,579[-01 .0001[+00 l

.579[-01 .000E+00 1

.579E-01 ,O00E+00 I

.579[-04 ,000E+00 I

.579E-01 ,000E+00 1

100)- 5.999291[-07, NII(]PCC(

• AIU_CC(

_-STATQ-NLT

2 ,262E-04

2 .255E-04

2 .2501[-04

2 ,2611[-06

2 .259B-O4

2 .2501[-04

2 .2531[-04

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .000E+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0001[+O0

0 .0001[+00

0 .0001[+00

0 .0001[+00

0 .0005+00

0 .000E+00

0 .0001[+00

0 .000E_00

0 .000E+00

0 .0001[+00

0 .0001[+00

0 ,000¢+00

0 .0001[+00

0 .000_+00

0 .000E+00

0 .000B+00

0 .000E+00

0 .000E+00

0 0001[+00

0 0001[+00

0 0001[+00

0 0001[+00

0 0001[+00

0 000E÷00

0 0001[+00

0 0001[+00

0 0001[+00

0 0001[+00

0 0001[+00

0 0001[+00

0 .000114'00

0 .000Z+00

0 .000114'00

0 .000B+O0

0 .0001[+00

0 ,0001[+00

0 .000[+00

0 .300E+00

0 ,000[+00

0 .000Z÷O0

0 .000E+O0

0 .000E+00

0 .000E+00

0 .0001[+00

0 ,000E_O0

0 .000E+O0

3 .000E÷O0

0 ,000[+O0

0 ,000E+00

0 .000E+O0

0 .000E+00

0 .000E+O0

0 .O00Z+O0

0 000E+00

0 .000E+00

0 .000E+00

0 ,000E_O0

0 ,000E+00

0 .O00E+O0

0 .300E+00

0 .O00E+O0

0 _000E*O0

0 .000E+00

V-$TAT _URF

0 99S1[+01

0 995E+01

0 995B+01

0 9931[+01

0 9951[+01

0 9951[+01

0 99S1[+01
0 9951[+01

0 9951[+01

0 99SE+01

0 .9935+01

0 .993E+01

0 .9951[+01

0 .9931[+01

0 .99S1[+01

0 .9951[+01

0 .9931[+01

0 .9935+01

0 .9951[+01

0 .9951[+01

0 .9951[+01

0 .9951[+01

0 .993E+01

0 .9951[+01

0 .995E+01

0 .99SB+01

0 .99S1[+01

0 .995E+01

0 .993E+O1

0 .995E+01

0 .99S[+01

0 .995[+01

0 .9951[+01

0 .9951[+01

0 9951[+01

0 ,9931[+01

0 ,995[+0l

0 .9951[_01

0 .9931[+01

0 9951[+01

0 .995E+01

0 995£+01

0 ,99SE+O1

0 .993E+01

0 ,995E+01

0 .9951[+01

0 ._95E+01

0 .995E+01

0 .995E+01

0 .9951[+01

0 ,995E+01

0 .99SE+01

0 .995Z+01

0 .9951[+01

0 .995E+01

0 .995E_01

0 .995E+01

0 .995E÷01

0 .9951[+01

0 ,995£+0L

0 995[+01

0 .995g+01

0 .995£_0L

0 .99SE+01

0 .993[+01

0 995E+OL

0 995[+01

0 995E+01

0 995E+01

0 995E+01

0 995E+01

0 995E+01

0 995E+01

0 995E+01

0 995E+01

0 995E+01

0 .995E+01

0 _995E÷01
:3 .395E+01

3 .995E÷01

0 _95£+01

0 995E+01

3 995E+01

3 995E*01
995E+0I

0)- 0.000001[+00. 02"HPCC{

0)- 0.000001[+00, 0RLXCI:I

7)- 1.45079E÷OL

0)- 0.00000£+00
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e? 2409.]+ 0 .00014,04 .s?_1--02 .000115490 1 0 .0001500 0 .995114.02

ii 240i.4 0 . 0001eFOO .575qi.-01 .00014_0 I 0 .0001e+O0 0 . J951e)01

19 2407.7 0 .0001"+01` .$?Sg-01 .0001_0 1 0 .00015"00 0 .99514.01

$O 2407.0 0 . 0001H40 .5791-0 t .000114'00 I 0 .000se<'00 0 .9951501

S'l 2401.4 0 .00011141 .$791-01 .00014_00 I 0 .000l+00 0 .$9514.01

92 2405.7 0 . 00014"(11' . sTMr,-01 . 00014.00 l 0 .0001`÷o0 0 .9951501
93 240S.0 0 . 000_k0t .5750-02 .00m+@O 1 0 .000l+O0 0 .9951501

94 2404.4 0 , OOOlr,+N.. 5791-01 . 00014*00 1 0 .0001500 0 .9_JI1502

95 2403.1 0 .0001`5011 .57911-02 .00014.00 t 0 .0001500 0 ,9951501

9E 2403.2 0 .0008'1'00 .5791,-01 .0001500 I 0 .000l+O0 0 .9951501

97 2402. S 0 . 0001,`'00 . 57911,.-02 . 00014"00 1 0 .00011+00 0 .99S1`+02

91 2402.9 0 .000|4'00 .5798.,-02 .000l+00 i 0 .00014.00 0 .995E÷01

99 2401.2 0 .00014.00 .5791-02 .000l+00 i 0 .00014.00 0 .99514.01

100 2400.4 0 .0001'`.00 .5791-02 .00U+00 i 0 .00014"00 0 .9951502

111111111411111111

TZII_ 4.400021-04+ _ 2.000001-07. _( 1500)- 5.9H291-07. A'Dg'CC(

0 . AJILX_ (

_ $TA'I'U1 _ _ _ Q-._O¢ N'-STAT Q-IIX,T V-S"tJ_

1 3475.4 2 .437K-03 .$291-01 .0008÷00 L 2 .242ut-04 0 .$95E+02

2 3317.4 0 .000l+00 .5791-01 .0001`+00 1 2 .295E-04 0 .$991+02

3 3172.1 0 .000l÷O0 .557911-01 .00011,`.00 1 2 .2501o04 0 .9951`4.02

4 3040.9 0 . 000l+O0 .5?$K-01 .00011"`.00 1 2 .2121-04 0 .9951"`.0].

5 29551.1 0 .000m+O0 .$79K001 .000E+O0 i 2 .2591-04 0 .9958501

I 2114.2 0 .0001500 .$?91-01 .00014'00 I 2 .2501-04 0 .9951'`.02

? 2723 .$ 0 . 00014*00 .$?911-01 ,000l_00 1 2 .2531-04 0 .9951'`.01

i 2453.2 0 . 00014'00 .57911-01 .000114.00 1 2 .2511-04 0 .9_YJI4.02

9 2000.0 0 .000|÷O0 .579E*01 .000u+00 1 I .5811-01 0 .995|4.01

l0 2577.5 0 .000K500 .57_-01 .000K+O0 I 0 .00014.00 0 .995|4.01

12 2510.0 0 .00014"00 .579E-01 .00014_0 t 0 .0001,`.00 0 .9951501

12 2541.1 0 .00014.00 .e.?_-01 .000E+00 I 0 .0001+00 0 .9H14.01

13 2531.0 0 .0001"`.00 .579K-01 .000l+O0 I 0 .0001"`.00 0 .9951,`.02

14 2521.? 0 .0001500 .5795-01 .000l+00 i 0 .000W, O0 0 .9951",'01

15 2510.? 0 .00014.00 .57_-01 .0001+00 I 0 +000l+O0 0 .9951').01

94 2512.0 0 .0001,`.00 .579E-01 .0001÷00 i 0 .000K+O0 0 .5951501

17 2500.3 0 .00014'00 .579K-01 .00014.00 1 0 .000l÷00 0 .99514.01

10 2501.5 0 .000l*00 .5791-02 .000E+O0 t 0 .000It00 0 .995E+01

19 249?.5 0 .0001500 .5791-02 .000l+00 1 0 .000B4.00 0 .9951÷01

20 2494. i 0 .0001,`.00 .5791-01 .000B4*00 i 0 .0001,`.00 0 .995E+02

22 2491. i 0 . 000+8+00 . 579E-02 . 000E¢'O0 i 0 .0001"`.00 0 .9951+02

22 2411.5 0 .0001÷00 .5791-01 .0001"`.00 1 0 .0001500 0 .995K÷01

23 2411.3 0 .0001500 .57H-01 .00014.00 1 0 .00014.00 0 .995K+01

24 2414.2 0 .0001÷00 .5791-01 .0001"`.00 I 0 .0001,`.00 0 .9951÷01

25 2412.3 0 . 000l+O0 . 57911-01 .00014"00 1 0 .0001,`.00 0 .995K4.01

21 2410.1 0 .0001÷00 .5795-01 .0001500 I 0 .000se4.00 0 .99514'01

27 2471.9 0 .0001+'QO .37_1-01 .00014'00 i 0 .000l÷O0 0 .99514.01
21 2477.4 0 .0001"`.00 .579E-01 .0001'`.00 I 0 .000t÷00 0 .99514'02

29 2475.8 0 .000m÷00 .5791o01 .0001,`.00 1 0 .00014"00 0 .99515'02

30 2474.3 0 .000l÷O0 .37_I-01 .00014.00 l 0 .0001500 0 .995E+01

31 2472. I 0 . 0001"`.00 .3795-01 .00014"00 1 0 .O00E+00 0 .09514"01

32 2471.3 0 .0001`500 .3751-01 .00014.00 1 0 .O00l+O0 0 .9951501

33 2449.9 0.000E4.00 .3?9E-01 .0001"`.00 L 0 .O00Z+'O0 0 .995E÷01

34 24(dl.4 0.000m+O0 ,579K-01 .0001`4'00 1 0 .000E+00 0 .955E+01

35 24t4.9 0 .00011+00 .5791-01 .000K+'00 1 0 .0001+00 0 .$95E+'01

31 2415.5 0 .0001`÷00 .57911-01 .00015"00 1 0 .00015'00 0 .995K+'01

3? 2414.0 0 .000g+00 .$791-01 .0001500 1 0 .000E4.00 0 .995E+'01

38 2462.4 0 .000E÷O0 .579K-01 .0005'+00 1 0 .000E+'00 0 .905E+01

39 2441.1 0 .0001"`.00 .579E-01 .0001500 I 0 .000K4.00 0 .995[501

40 2459.7 0 .00014'00 .5791-01 .000E+O0 I 0 .000K+00 0 .995K+02

41 2450.2 0 .000m+00 .5791-01 .000u+00 I 0 .000E+O0 0 .995E+02

42 2454.8 0 .000E4.00 .579E-01 .000l+00

43 2455.4 0 .00014'00 .5791-01 .000K+00

44 2453.9 0 .00014.00 .5791-01 .000l+00

45 2452.5 0 .0001`÷00 .5791-01 .000114.00

40 2451.1 0 .00014.00 .57911-02 .000m4.00

47 2449.8 0 .000a'4.00 .5791-02 .0001"+O0

41 2441.4 0 .00014.00 .5791-01 . 0001÷00

45 2447.0 O .0001+00 .5791-02 .00014.00

$0 2445.7 0 .000E500 .5791r,-01 .000l+00

51 2444.4 0 .00014'00 .579u-01 .000l÷00

52 2443.1 0 .0001÷00 .5791"-01 .0001÷00

53 2442.11 0 . 000114'00 .5791-02 . 0001÷00

54 2440.5 0 . 0001,'`.00 . 5791-01 .0001"÷00

55 2439.3 0 .00014.00 .579'1-02 .0001,÷00

54 24311.0 0 . 00014'00 .5791-01 .00014"00

.57 2431. I 0 . 0001"÷00 . 5791,-01 . 00014,00

58 2435.4 0 .0001,÷00 .3751-02 .00014.00

59 2434.5 0 .00014.0Q ,5791-02 .000R+'O0

40 2433.3 0 .00014.00 .37'MI-01 .00014.00

41 2432.2 0 .00014.Oe .5791-01 .0001500

E2 2431.1 0 . 000114'00 .$79q1-01 ,00011500

I 0 .000E+'O0 0 .$951`+'01

I 0 .0001`+00 0 .995E+'01

I 0 .0001`4.00 0 .$951,4.02

1 0 .000B4.00 0 +$95E÷01

1 0 .0001`'`.00 0 .995E4.02

1 0 .0001`4.00 0 .$95K+01

1 0 .0O0E4"00 0 .99SE+'01

1 0 .0001`4"00 0 .$9505'01

1 0 .0001`+00 0 .$95Z4"01

1 0 .0001`+00 0 .995E+'01

1 0 .0001`4"00 0 .995E÷01

1 0 .000g÷00 0 +9951`4"01

1 0 .000E4.00 0 ._95E÷01

1 0 .00015'00 0 .995E+01

1 0 .0001`+'00 0 995E4"01

1 0 .0001`4.00 0 995E4.01

1 0 .0001`4.00 0 995E4.01

1 0 .O00Z+'O0 0 995E÷01

1 0 .O00E+O0 0 995[+'01

1 0 .O00E+O0 0 995[÷01

I 0 .000E500 0 995E+'01

43 2430.0 0 .0001901 .57_I-02 .00014.00 I 0 .000K+00 0

E4 2421.9 0 .0001_00 .57_I-02 .000|4"00 I 0 .000E4"00 0

E5 242?.8 0 .000114'0411 .$7_-01 .0001"4.00 1 0 .O00E+'O0 0

44 2421.1 0 .000|÷00 .5795001 .0001,÷00 I 0 .000E+00 0

67 2425.1 0 .0001,+00 .5795-01 .000B+00 I 0 .0000500 0
El 2424.1 0 .0001,4"00 .579E-01 .00054.00 I 0 .0001500 0

69 2423.8 0 .00014"00 .$7_-01 .0001`4.00 1 0 .00015'00 0

70 2422.9 0 ,00015"00 .5791-01 .0001500 1 0 .0001÷00 0

71 2421.9 0 .00015'00 .$791o01 .0001"`.00 1 0 .000[÷00 0

72 2421.0 0 .000[+00 .5791-01 .00014'00 l 0 .0001500 0

73 2420.1 0 ,0001500 .S79E-01 .00014"00 1 0 .0001500 0

74 2419.2 0 .00015'00 .S791-01 .000K+00 _ 0 .000E÷00 0

995E+'01

$99E4"01

595E+'01

999[+'01

999E÷01
995[+01

99914"01

995B+01

999[+01

995[÷01

995[501

99515'01

75 2411.4 0 .0001500 .$791-01 .0001,500 1 0 .0001500 0 .9951501

74 2417.5 0 .000K4"00 .$79K-01 .000K+00 1 0 .0001500 0 .9951501

7? 2414.7 0 .00015'00 .5791-01 .000K4"00 1 0 .000[_00 0 .995[÷01

79 2415.9 0 .0001,'`'00 .579E-01 .0001,,`'00 1 0 .000E+'00 0 995_01

79 2415.1 0 .O00E4"00 .5791-01 50001500 1 0 +000[_00 0 .999[+01

|0 2414.3 0 .0001500 .5791-01 .000|+'00 1 0 .O00E+'O0 0 ._95E+'01

81 2413.5 0 .O00E4.00 .5791,-01 .O00E+'O0 1 0 .O00E+O0 0 ._99[_01

82 2412.8 0 .0001500 .$79[-01 .000_+00 1 0 .000[+00 0 ,999E_01

13 2412.0 0 .0001÷00 .$79E-01 .000E+00 1 0 .000E+'00 _ 995E_0l

94 2411.3 0 .00014"00 .579['01 .00015'00 1 0 .000[+00 0 ._95[_01

IS 2410.5 0 .000[,`.00 .5791-01 .0001÷00 1 0 .O00E÷O0 0 5999[÷01

14 2409.1 0 .000[4"00 +$791-01 .0001500 1 0 .000[+00 0 ,995_+'01

0)- 0.000001+00, 025_¢C(

0)- 0.000001,+00, DP_X¢C(

9)- 4,35337E÷00

0)- 0.00000E+00

3-2-29



17 2409.1 0 .000Z÷00 .$791-01 .000Z+O0 1 0 .000E+00 0 .99S_*01

|l 240|.4 0 .000E*00 .$?SZ-01 .000Z+00 1 0 .000J+00 0 .9952+01

89 2407.8 0 .000E÷00 .$?S_-01 .000E÷O0 1 0 .000E÷00 0 .995_÷01

90 2407.1 0 .0002÷00 .5?SE-01 .000Z+00 1 0 .000E+00 0 .9958÷01

91 2406.4 0 .0001÷00 .$791-01 .000E÷O0 i 0 .000E÷00 0 .SgSB_01

92 2405.4 0 ,000E÷O0 .5798-01 .000E+O0 1 0 .000E+O0 0 .9952÷01

93 2405.1 0 ,000_00 .5798-01 ,000E+O0 1 0 ,000E÷00 0 .9952+01

94 2404.4 0 .0O0_+00 .S790-01 .000E+00 1 0 .000E÷00 0 .9958+01

99 2403.4 0 .000g+00 .S?91-01 .000E+00 1 0 .000Z÷00 0 .9958÷01

9E 2403.2 0 .0OOE+00 .$79E-01 .0001+00 1 0 .000E+00 0 .9958+01

97 2402.S 0 .0008+00 .S?gE-Q1 .0008+00 I 0 .0008+00 0 .9958+01

9| 2401.9 0 .0008+00 .5798-01 .000E+O0 1 0 .0008÷00 0 .9958÷01

99 2401.3 0 .000E+00 .5798-01 .000Z÷00 1 0 .0008+00 0 .9952+01

100 2400.6 0 .0008+00 .5798-01 .0008+00 1 0 .0008+00 0 .$9SZ+01

T:N¢- 4.$00038-04, DTIMI_J- 2.000008-07, CSGMZN( [00)- 5.99529B-07, ATMPCC(

LOOIPCT- 0 , _.I,XCC(

_4ODS _ 3TA'X_J$ _ G4_NCI e._ONV Q-.GOC _STAT Q'-MY_T V-STAT _UPJ*

1 3900.3 2 .$368-03 .5751-01 ,0008÷00 1 2 .2628-04 0 .9958+01

2 3427.2 0 .0008+00 .5791-01 .0008+00 1 2 .2558-04 0 .SgSE+01

3 32|0.$ 0 .000Z+00 .5798-01 .0008+00 1 2 .2508-04 0 .9998+01

4 3146.1 0 .000E÷00 .5758-01 .0008+00 1 2 .2618-04 0 ,9998+01

5 3023.5 O .000E+0O .5792-01 .0008+00 1 2 .2598-04 0 .99SE+01

S 2913.0 0 .0008÷00 .$798-01 .0008+00 1 2 .2508-04 0 .9991+01

T 2519.$ 0 .0001+00 .5758-01 .000g+00 1 2 .2538-04 0 .9958+01

I 2732.1 0 .0001÷00 .5798-01 .0002+00 1 2 .2502-04 0 .99SE+01

9 2881.9 0 .000B÷O0 .$798-01 .000E+00 1 2 .2958-04 0 ,99SE+01

10 2600.0 0 .000Z÷00 .$798-01 .0008+00 1 i .2958-05 0 ,9958÷01

11 2581.4 0 .000E÷00 .5798-01 .0008÷00 1 0 .000E+00 0 .9958+01

12 2Si4.| 0 .0008+00 .5798-01 .0001+00 1 O .000E+00 0 .995[+01

13 2550.8 0 .000E+00 .$798-01 ,0008÷00 1 0 .000E+O0 0 .9958+01

14 2530.3 0 .0008+00 .579[-01 .00084"00 1 O .000[+00 0 ,9998+01

15 2525.7 0 .000E+00 .3798-01 .0008+00 l 0 .000E+00 0 .995_+01

16 2521.4 0 .0008+00 .$79K-01 .0008+00 1 0 .0008÷00 0 .995B+01

17 2514.4 0 .0008+00 .$798-01 .0008+00 1 0 .000[+00 0 .995E+01

10 2500.3 0 0008+00 .5798-01 .0008+00 i 0 .000E+00 0 995[+01

19 2503.1 0 0008+00 .$798-01 .0002+00 1 0 .000E+00 0 995[+01

20 249e.7 0 000Z÷00 .5791-01 ,0001÷00 i 0 ,0001+00 0 995E+01

21 2494.8 0 0008+00 .5799-01 .0008+00 1 0 ,000[+00 0 995[+01

22 2491.5 0 0008+00 .5798-01 .0008÷00 1 0 .000Z+00 0 999£+01

23 2448.6 0 000E+00 .5791-01 .000E+00 1 0 .000Z+00 0 9958+01

24 2486.0 0 0008+00 .STgE-01 .000E÷00 1 0 .0001+00 0 9958+01

25 2483.7 0 0008+00 .$798-01 .0008+00 1 0 .0008+00 0 995[+01

26 2441.7 0 0001+00 .579_-01 .000E+O0 1 0 .0008+00 0 9958+01

27 2479.7 0 000_+00 .579_-01 .000E+00 1 0 .0008+00 0 995[+01

20 2477.9 0 .0008+00 .5798-01 .000E+00 1 0 .0008+00 0 9958+01

29 24?6.2 0 .0008+00 .5798-01 .000[+00 I 0 .000E÷00 0 ,9958+01

30 2474.6 0 .000[+00 .5798-01 .000E÷00 1

31 2473.0 0 .000[+00 .5798-01 .0008÷00 1

32 2471.5 0 .000_+00 .5T9[-01 .0008+00 1

33 2470.0 0 .000[+00 .579[-01 .000E÷00 l

34 2468.5 0 .000E+00 .575[-01 .000E+00 l

35 2467.0 0 .000E+00 .579[-01 .0008+00 l

36 2465.5 0 .0008+00 .579£-01 .000E+00 1

]T 2464.1 0 .000_+00 .579[-01 .0001+00 l

]l 2462.6 0 .000[+00 .$758-01 .0001+00 I

39 2461.2 0 _000E+00 .5798-01 .0001+00 1

40 2459.7 0 .0008+00 .5791-01 .0008+00 l

4l 24$4.3 0 .0008+00 .$79[-01 .0001+00 I

42 2456.9 0 .000I+00 ,579_-01 .0001÷00 1

43 2455.4 0 .0008+00 .$798-01 .0008÷00 1

44 2454.0 0 .0008+00 .$791-01 .000[+00

45 2452._ 0 .0008+00 .$79[-01 .0008÷00

46 2451.3 0 .000_+00 .$79[-01 .0008+00

4? 2449.9 0 .0008+00 .$79_-0l .000[+00

4| 244|.5 0 .000[+00 .579[-0l ,000E÷00

49 2447.2 0 .0008+00 .$79[-01 .000[+00

S0 2445.8 0 .0008+00 .579_-01 .000[_00

51 2444.5 0 .0008+00 .5798-01 .000[+00

52 2443.2 0 .000[+00 .579_-01 ,000E+00

53 2441.9 0 .000R+00 .579E-01 .000E_00

54 2440.7 0 .000[+00 .579_-01 .000E÷00

55 2439.4 0 .000E+00 .579[-01 .000[÷00

0 .0008÷00 0 .995[÷01

0 .O00E+O0 0 .995£+01

0 ,0001+00 0 .9958+01

0 .000E÷00 0 ,_958+01

0 .0001÷00 0 .995g÷01

0 .0008÷00 0 .999[+01

0 .0008+00 0 .995[+01

0 .000_+00 0 .995[+01

0 .0008+00 0 ._95[+01

0 ,0008+00 0 ,9958+01
0 .000[+00 0 .99S[+01

0 ,0008÷00 0 .9958+01

0 .0008+00 0 .995[+01

0 .000[+00 0 ._95[+01

1 0 .O00E+O0 0 .995[+01

1 0 ,000[÷00 0 .995_+01

I 0 ,0008+00 0 .995£+01

1 0 .0008÷00 0 .995[+01

I 0 .O00E+O0 0 .995_+01

I 0 .O00E+O0 0 .995[+01

1 0 .O00E+O0 0 .995[+01

i 0 .000[+00 0 .995E+01

i 0 .O00E+O0 0 .995E÷01

1 0 .0008+00 0 ._95[+01

I 0 .000[+00 0 ._95_+01

I 0 .000[+00 0 ._952+01

56 2434.2 0 .000_+00 $79[-01 .0008+00 I 0 .000_+00 0 .9952+01

57 2437.0 0 .000[+00 .579[-01 ,0008÷00 1 0 .0008+00 0 ._952+01

51 2435.1 0 .O00E÷O0 .5798-01 .0008+00 1 0 ,0002+00 0 .995_+01

59 2434.6 0 .000[+00 .5798-01 .000[+00 1 0 .000£÷00 0 ._99[+01

_0 2433.5 0 .000[÷00 .579[-01 .0001+00 1 0 .0008÷00 0 995[+01

61 2432.3 0 .000[+00 .5798-01 .0008+00 l 0 .O00Z+O0 0 .9958+01

62 2431.2 0 .000_÷00 ,579[-01 .0001+00 l 0 .000[+00 0 ,_95_+01

_3 2430.1 0 ,0001÷00 .5791-01 .000_+00 I 0 .000Z÷00 0 ._95[+01

_4 2425.1 0 ,0008÷00 .579[-01 ,0001+00 _ 0 .000_+00 0 .995£÷01

65 2420.0 0 .0008+00 .$791-01 .0001÷00 I 0 .000[+00 0 ._99_+01

66 242?.0 0 .O00E÷O0 .$791-01 .0008+00 i 0 .000[+00 0 .999[÷01

67 2428.0 0 .000E÷00 .$798-01 .0008+00 1 0 .000Z_00 0 .999[÷01

64 2425.0 0 .0008÷00 ._91-01 .0008+00 l 0 .O00Z+O0 0 .7998+01

69 2424.0 0 .000[÷00 .579[-01 .0008+00 l 0

?0 2423.0 0 000E+00 _S79[-01 000[+00 1 0

71 2422.1 0 .000[÷00 ,579[-01 .000[+00 1 0

72 2421.2 0 ,000[+00 .579[-01 000[+00 l 0

73 2¢20.3 0 ,000[÷00 .5T9£-01 000£+00 I Q

74 2419.4 0 .0008+00 .STgE-OI 000£+00 l 0

?5 241|.S 0 ,000_+00 .$79_-01 000[+00 l 0

?6 2417.7 0 .000[+00 .5792-01 000[+00 _ 0

?? 2416,$ 0 .000[+00 .$79_-01 000[÷00 1 0

7_ 2416.0 0 000£+00 .$798-01 .000[+00 _ 0

_9 241S,2 0 000£+00 ,579[-01 .000[÷00 L 0

10 2414,4 0 000Z+00 .$79[-01 .0008+00 1 0

_1 2413.6 0 000E÷00 ,57_E-01 .000E+00 l 0

_2 2412.9 0

_3 2412.1 0

04 2411.4 0

_S 2410.6 0

_6 2409.$ 0

O00E+O0 0 .995E+01

000£+00 0 .9958÷01

000_+00 0 .995E+01

000E+00 0 .999[+0L

000[÷00 0 ._95_+01

000[+00 0 ,995E+01
O00E÷O0 0 ,995E_01

000[+00 0 995_+01

000[+00 0 995E+01

000_,00 0 .995E+01

000_+00 0 .995E+01

000_+00 0 .995E+01

000_+00 0 _95_*01

000_+00 .579E-01 000[+00 l 0 ,000E+00 0 _95E+01

000[÷00 .5_9[-01 .00Q£+00 l 0 000£_00 _ _95E+01

000[÷00 .579[-01 .000E÷O0 1 0 .000[+00 ,_ 995E+01

000[_00 .579_-01 .000[+00 1 0 .O00E÷O0 _ 995E*01

000Z÷O0 579_-01 ,000E+00 l 0 000£+00 _ _95_*01

0)- 0,000008+00, DTt_CCI

0)- 0.000008+00, gRLXCC(

10)- 6.9031IE+00

0)- 0.00000£+00
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17 240S.2 0 .O00E+O0 .579t_01 .O00Z_O0 1 0 ,O00_+O0 0 ,S9SE+01

II 240i. S 0 ,000E+00 ,$7S_-0_ *000Z+00 1 0 .000_00 0 ,gSSE+01

19 2407.8 0,000E+00 .S75E-01 .000E+O0 1 0 .000E+00 0 .99S_+01

90 2407.1 0 .000E+00 .579Z-01 .000E+00 1 0 .000[+00 0 .gSSR÷01

91 240S.5 0 .000E+00 .$7SE-01 .000Z+00 1 0 .000_+00 0 .99SE÷01

92 2405.8 0 ,0QOZ+0Q .S?9E-01 .000E+0Q 1 0 .00OleO0 0 .SgSE+01
93 2405.1 0 .000g+0O .S?9E-01 .000g÷00 1 0

• 000E+00 0 .SSSE+01
94 2404.5 0 .000E+00 .$79E-02 .000E+00 1 0 .000E+00 0 .SgSg+QZ

SS 2403.8 0 .000E+00 .S79E-01 .00OE÷O0 1 0 .000E+0O 0 .99SE+01

9E 2403.2 0 ,000Z+00 .$79B-01 .0OO_+QQ 1 0 .000E+Q0 0 .99SE_01

97 2402.5 0 m000_+O0 .579E-01 .000E+00 1 0 .000Z+00 0 .995E+01

g8 2401.9 0 .O00E+O0 .$75E-01 .00OE+O0 1 0 .000_+00 0 .99S_+01
99 2401.3 0 .000Z_00 .579E-01 .000g_00 1 0 .000[*O0 0 .955E+01

100 2400.6 0 .000_+00 .579E-01 .000E+O0 1 0 .0@OE÷00 0 -995Z+01
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CHAPTER 3: ' CHANGE OF PHASE

SECTION 3: Condensation and Frost Formation on the External Tank

ANALYSIS CODE: SINDA (Gaski Version)

Background:

There has always been the concern of ice and frost build-up on the Space Shuttle External
Tank (ET) during propellant loading prior to every mission. If the right environmental
conditions exist, ice/frost can form on the tank surface and can potentially damage the
Orbiter heat tiles during lift-off when the ice breaks loose. This is especially a problem
during the winter months. Since the start of the Shuttle program, the MarshaLl Center and

the maker of the ET, Martin Marietta, have been working on the analytical tools to help

predict the amount of ice/frost and water formation to aid them in making better engineering
judgements concerning the flight readiness of the tank (on the standpoint of a debris

hazard) before liftoff. The following analytical routine is the current approach used by
NASA to analyze the above problem:

I. Identification of the Problem:

A. Statement of the Problem:

To determine the amount of ice/frost and water condensate on the tank's
foam surface, it is necessary to do a heat balance on the surface.

The total heat balance equation is as follows:

B. Schematic

Qcond+Qconv+Qrad-sky+Qrad-grnd+Qlat = 0.

Figure 1 along wuth the above equation, depicts what is called a
conservative approach to the heat transfer on the tank surface. Notice that
solar heat was left out, in addition to radiation between the different

segments of the launch vehicle (orbiter, SRB's, launch pad structure). The
greatest potential for ice accumulation occurs during the late-night/early
morning hours so the solar impact is zero. The more conservative approach
yields a worst case scenario which provides a larger factor of safety
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• tank insuladon Tsky

i

QI.,

Te_o

tank wall

Figm'e 1. Schematic of heat flow into tank foam and wall

Tamb

II. Steady State Formulation of the Problem

The above modes of heat transfer on the foam surface will be discussed
below in detail and how are calculated within the model:

A. Conduction

Qcona = ks°fiA s°fi (Tcryo-Tsurf)
Ax

k = thermal conductivity at a given temperature (btu/hr-ft2-°F)
A = surface area of soft (ft 2)

Ax = thickness of soft (ft.)

B. Convection

Qconv = hc (Tamb - Tst_f)
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he= naturalor forcedheattransferconvection

coefficient Cotu/hr-ft2-°R).The larger heat
transfer coefficient is used is used for he

B.I NaturalConvection

hn_ = 0.i Ra I/3 k_m
dia

Ra = Rayleigh Number

k_r = thermal conductivity of air
dia = diameter (ft.)

(bm/hr-fi2-°F)

The Raleigh Number

Ra = Gr Pr (Tamb - Tsurf) dia 3

The Grashof Number

Gr = -32,500. Tnl m

or

+ 42.0 E-5

Tfdm < 32 °F

Gr = -20,538.2359 Tnim+ 3828823.529

Trtlm> 32 °F

Tfilm = Tsurf+ Tamb
2.

k_ = 0.133 + 2.1 E-5 Tntm
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B.2 Forced Convection

ha-, = ( .46Re 1/3 + .00128 Re)_

Re = Reynolds Number

The Reynolds Number

Re = 1.688dia vI

7

v] = wind velocity (knots)

7 = dynamic viscosity (ft2/sec)

7 = 5.0E-7 Trl_n + 1.3E-4

Tra m < 32 °F

or

= 5.1471E-7 T_n + 1.28529E-4

Tnl m > 32 °F

The local wind is determined by multiplying the free-sta'eam wind by a
"wind factor" that scales the free-stream wind to the local wind velocity. These

factors were detrcmined by a PHOENIX model of the STS system, which
detrermined local wind velocities around each part of the tank and SRB's. From
these velocities the "wind factors" were determined and were input into the SINDA
model in the ARRAY DATA block to be multiplied by the free-stream wind to
calculate a local wind velocity for each SRB and ET nodal segment for whatever

case(s) are being considered.

C. Radiation

qradsky= fskTO e (T_sky-T_surf)

qrad grnd = (I"fsky) 0 E (T4amb - "r_surf)
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fs_ = view factor from tank segment to sky

LOx Ogive - 0.8

LOx BarmU - 0.65

LH2 Tank - 0.5

o = Stephan - Bolztman Constant

.1714E-8 (btu/hr-ft2-°R 4)

e = surface emissivity

Ts_ = (0.0019111 TO- 0.137) TMTamb

TO = dew point temperature

C. 1 Dew Point Temperature Calculation

First, we must calculate the specific ambient humidity:

Wamb = a (Tamb)b RH
100.

Tamb < 493.771 °R

or

Wamb = C (T_mb) d

Tamb > 493.771 °R

RH = ambient relative humidity (%)

a = 2.6317601 E-19

b = 23.35631703
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C-- 4.0942242 E-16

d - 18.75385414

Then, the dew point temperature can be determined

if TO - 460. > 33.771, then

10o

Note: Tsky, Tsurf, Tamb, and Tdp must be in °R for radiation
calculations.

D. Latent Heat

Latent heat of soilidification and/or condensation only becomes

factor if Tdp >_.Ts_. The below equation determines the magnitude

of this heat.

qlat = 1.1 hlat ril

rh = condensate rate (in./hr.)

hlat = latent heat of solidification and/or condensation

hlat = hfs + hfg

T_ < 32 °F

or
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hlat -- hfg

Tm.e > 32 °F

hfs = latent heat of solidification (143.3 btu/lbm.)

hfg = latent heat of condensation

hfs = -0.565294118 Ts_ + 1093.249412

D. 1 Calculation of Condensate Rate

rh (Ibm/hr.) --hc (_Vamb- Wsurf)A
Cpm

he = convective heat transfer coefficient (greater of nanwal/forced)

Cp = specific heat of air (.24 btu/Ibm - °R)

Wst_f = surface specific humidity (lbmh2oAbmair)

W_-f = a (Tsurf) b

Tsurf < 493.771 °R

Wsurf = c (Tsurr) d

Tsurf > 493.771 °R

Heat Balance & Ice Rate Calculations

Qcond+Qconv+Qrad-sky+Qrad-grnd+Qlat = Qice

Thus, the total ice rate can be calculated by the following:
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I (in./hf.) = Qi_
phfs

p = icedensity (571bm/ft.3)

The program logiccan accumulate iceonly ifTsurf < 32 °F and thus

ifTsurfdrops below 32 °F,any accumulated icecan melt.
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Environmental Conditions

The input environment(s) were taken from the STS - 30 launch

scrub on April 30, 1989 from 6:00 a.m. until 2:30 p.m. EDT.

TIME OF
DAY

06:00

06:30

07:00

07:30

08:00

08:30

09:00

09:30

10:00

TEMP.

(°F)
65.

66.

66.5

67.5

68.

70.5

72.

74.5

76.5

10:30

11:00

11:30

12:00

12:30

13:00

13:30

14:00

14:30

78.5

80.

80.

80.

81.8

83.

86.

84.

84.3

REL. HUM.

(%)
99.

99.

99.

98.

92.5

90.

83.5

73.

64.

56.

50.

45.

55.

53.5

WIND SPEED

(knots)
7.5

7.8

10.0

8.7

8.7

8.5

7.3

8.8

4.75

6.0

7.1

6.8

WIND DIR

272

270

275

290

308

315

308

302

275

235

280

450

460

CLOUDS

(%)
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

48. 8.0

40. 9.8

48. 9.8

50. 8.3

455 0.0

210 0.0

1 60 0.0

150 0.0

3-3-9



SINDA INPUT LISTING

A BCD 3THERMAL LPCS

BCD 9STS 30 PRE-LAUNCH SURFACE ENVIRONMENT MODEL
END

BCD 3NODE DATA

Cmmmmmmmmwmmmmummuml,mmnmmm_m

C ET SURFACE NODES

SIV 1001,36.,A202,K501

SIV

SIV

SIV

SIV

SIV

sir

SIV

SIV

SIV

SIV

sir

SIV

sir

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

sir

SIV

SlY

SIV

SIV

1002,36.,A202,KS02

1003,36.,A202,KS03

1004,36.,A202,K504

1005,36.,A202,K505

1006,36.,A202,K506

1007,36.,A202,K507

1008,36.,A202,K508

1009,36.,A202,K509

1010,36.,A202,K510

1011,36.,A202,K511

1012,36.,A202,K512

I013,36.,A202 K513

I014,36.,A202 K514

I015,36.,A202 K515

I016,36.,A202 K516

I017,36.,A202 K517

I018,36.,A202 K51B

I019,36.,A202 K519

I020,36.,A202 K520

I021,36.,A202 K521

1022,36.,A202,K522

I023,36.,A202 K523

I024,36.,A202 K524

I025,36.,A202 K525

I026,36.,A202 K526

I027,36.,A202 K527

I028,36.,A202 K528

I029,36.,A202 K529

I030,36.,A202 K530

I031,36.,A202 K531

I032,36.,A202 K532

1033,36.,A202,K533

1034,36.,A202,K534

1035,36.,A202,K535

1036,36.,A202,K536

1037,36.,A202,K537

C

Clllllillllllllllllllllillllllllll

C ET t.. NOTE **
C==_mmm_mmmmm_mm

c LH2 BARREL

C

SIM 2001,4,1000,36.0,A202 K501

SIM 2002,4,1000,36.0,A202 K502

SIM 2003,4,1000,36.0,A202 K503

SIM 2004,4,1000,36.0,A202 K504

SIM 2005,4,1000,36.0,A202 K505

SIM 2006,4,1000,36.0, A202 K506

SIM 2007,4,1000,36.0,A202 K507

SIM 2008,4,1000,36.0,A202,KS08

SIM 2009,4,1000,36.0,A202.K509

SIM 2010,4,1000,36.0,A202 KS10

EACH THOUSAND SERIES OF ET NODES

IS .25 THICKNESS OF SOFI DEEP
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C

C

C

c

c

c

SIM 2011,4,1000,36.0,A202,K511

SIM 2012,4,1000,36.0,A202,K512

SIM 2013,4,1000,36.0,A202,K513

SIM 2014,4,1000,36.0,A202,K514

SIM 2015,4,1000,36.0,A202,K515

SIM 2016,4,1000,36.0,A202,K516

INTERTANK

SIM 2017,4,1000,50.0,A202,K517

SIM 2018,4,1000,50.0,A202,K518

SIM 2019,4,1000,50.0,A202,K519

SIM 2020,4,1000,50.0,A202,K520

LOX BARREL

SIM 2021,4,1000,36.0,A202,K521

SIM 2022,4,1000,36.0,A202,K522

SIM 2023,4,1000,36.0,A202,K523

SIM 2024,4,1000,36.0,A202,K524

AFT OGIVE

SIM 2025,4,1000,50.0,A202,K525

SIM 2026,4,1000,50.0, A202,K526

SIM 2027,4,1000,50.0,A202,K527

SIM 2028,4,1000,50.0,A202,K528

FWD OGIVE

SIM 2029,4,1000,50.0,A202,K529

SIM 2030,4,1000,50.0, A202,K530

SIM 2031,4,1000,50.0,A202,K531

SIM 2032,4,1000,36.0,A202,K532

AFTDOME

SIM 2033,4,1000,50.0,A203,K533

SIM 2034,4,1000,50.0,A203,K534

SIM 2035,4,1000,50.0,A203,K535

SIM 2036,4,1000,50.0,A202,K536

NOSE CAP

SIM 2037,4,1000,50.0,A201,K537

ET ALUMINUM SKIN NODES

SIM 21001,3,1,50.,A204,966.5

SIM 21005,3,1,50.,A204,966.5

SIM 21009,3,1,50.,A204,966.5

SIM 21013,3,1,50.,A204,966.5

SIM 21004,4,4,50.,A204,1570.6

SIM 21017,4,1,50.,A204,1551.6

SIM 21021,4,1,50.,A204,312.76

SIM 21025,4,1,50.,A204,525.28

SIM 21029,4,1,50.,A204,341.70

SIM 21033,4,1,50.,A204,548.99
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SIV 21037,50_,A204,26.86

C

C SRB+S - SOFI NODES

RHSRB

GEN 12001,4,1,50.,3.6782

GEN 12041, 4, i, 50., 39.62

LHSRB

GEN 12045,4,1,50.,3.6782

GEN 12085,4,1,50.,39.62

Czmmmmmi_msnlmwmsl

C SRB'S STEEL SKIN

RHSRB

GEN 12005,4,7,70.,272.98

GEN 12006,4,7,70.,272.98

GEN 12007,4,7,70.,272.98

GEN 12008,4,7,70.,272.98

GEN 12009,4,7,70.,272.98

GEN 12010,4,7,70.,272.98

GEN 12011,4,7,70.,272.98

GEN 12033,8,1,70.,305.71

GEN 22001,4,1,70.,187.44

GEN 22041,4,1,70.,209.08

LHSRB

GEN 12049,4,7,70.,272.98

GEN 12050,4,7,70.,272.98

GEN 12051,4,7,70.,272.98

GEN 12052,4,7,70.,272.98

GEN 12053,4,7,70.,272.98

GEN 12054,4,7,70.,272.98

GEN 12055,4,7,70.,272.98

GEN 12077,8,1,70.,305.71

GEN 22045,4,1,70.,187.44

GEN 22085,4,1,70.,209.08

C

C=_n_m_nms_nm_n_s_n_s_m_n

C SRB'S INSULATION(ABESTOS SILICA-NBR

Cw_

C

Cillm

GEN 22005,28,1,70.,16.20

GEN 22049,28,1,70.,16.20

GEN 22033,8,1,70.,18.15

GEN 22077,8,1,70.,18.15

C PROPELLANT(TP-H-II48)

GEN 31005,28,1,82.,3016.

GEN 31033,8,1,82.,3372.

GEN 31049,28,1,82.,3016.

GEN 31077,8,1,82.,3372.

GEN 32005,28,1,82.,2558.

GEN 32033,R,I,82.,2860.

$ NOSECONE AND FRUSTRUM

$ AFT SKIRT

$ NOSECONE AND FRUSTRUM

$ AFT SKIRT

$ SRM

$ REAR ASSEMBLY

$ NOSECONE

$ AFT SKIRT

$ SRM

$ REAR ASSEMBLY

$ NOSECONE

$ AFT SKIRT

$SRM

$ REAR ASSEMBLY
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C

C

c

C

GEN 32049,28,1,82.,2558.

GEN 32077,8, 1,82.,2860.

GEN 33005,28,1,82.,2115.

GEN 33033,8,1,82.,2365.

GEN 33049,28,1,82.,2115.

GEN 33077,8,1,82.,2365.

GEN 34005,28,1,82.,1665.

GEN 34033,8,1,82.,1862.

GEN 34049,28,1,82.,1665.

GEN 34077,8,1,82.,1862.

C ORBITER

SIV 8000,50.,A200,K300

SIV 8005,50.,A200 K301

SIV 8010,50.,A200,K302

SIV 8011,50.,A200.K303

SIV 8015,50.,A200 K302

SIV 8016,50.,A200 K303

SIV 8020,50.,A200 K304

SIV 8025,50.,A200 K305

SIV 8030,50.,A200.K306

SIV 8035,50.,A200.K307

Cn_nn_n_Inn_n_nn_n_n_nn_n_n_n_n

C FSS STRUCTURE

GEN 6000,10,10,50.,2500.0

GEN 6001,10,10,50.,2500.0
Cn_nnnnlnl

MISC CONDITIONS

GEN

GEN

GEN

GEN

GEN

GEN

GEN

C_n_nn_nnl

C

GEN

GEN

GEN

GEN

GEN

GEN

GEN

500,4,1,50.,117936.0

9000,4,1,50.,1720071.0

500,4,1,50.,27832.7

9000,4,1,50.,1072071.0

-40, 55., 0.

-9999,55.,I.0

-7000,-423.,1.

-7001,-297.,1.

-7002,55.,1.

-7003,80.,1.

-8888,5,1,1.0,1.0

-13001,37,1,1.,1.

-16001,37,1,1.,i.

-101,37, I, I., i.

-151,37, i, i., i.

-201,37, i, i.,I.

-401, 37, i, 0.,0.

-701,37, i, i.,I.

-801,37, 1,0.,0.

-901,37, i, 0.,0.

END

BCD 3CONDUCTOR DATA

C

C

C ORBITER

SIV 1,8035,8030,A300,0.I0

$ TOP OF PLATES

$ BOTTOM OF PLATES

$ MLP

$ GROUND

$ MLP(T=IIN)

$ GROUND(T-fIN)

$ ISS GAS NODE

$ SKY TEMP

$ LH2 CRYOGEN TEMP

$ LOX ....

$ INTERTANK TEMP

$ NOSE CONE TEMP

$ TAMB, RELHUM, CLOUD

$ SOLAR HEAT

$ LATENT HEAT

$ LOCAL WIND(FT/S)

$ WIND FACTOR

$ COND. RATE(IN/HR)

$ COND. RATE(IN/OUTPUT)

$ ICE RATE(IN/HR)

$ ICE ACCUM.(IN)

$ ICE ACCUM.(LBS/H20)
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SIV 2,8030,8000,A300,0.0612

SIV 3,8000,8005,A300,0.0762

SIM 4,2,1,8005,0,8011,5,A300,0.0912

SIM 6,2,1,8011,5,8010,5,A300,0.186

SIV 8,8005,8020,A300,0.075

SIV 9,8020,8025,A300,0.158

C

C__n_n__ _

C ET

C CONDUCTION THROUGH SOFI

Cti_mmmm_i_sgm*mlmmsmmmm__

C LH2 BARREL

SIM 1001,3,1000,2001,1000,3001,1000,A302,K451

C

c

C

c

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

SIM

1002,3,1000,2002,1000,3002,1000,A302,K452

1003 3,1000,2003,1000,3003,1000,A302,K453

1004 3,1000,2004,1000,3004,1000,A302,K454

i005 3,1000,2005,1000,3005,1000,A302,K455

1006 3,1000,2006,1000,3006,1000,A302,K456

1007 3,1000,2007,1000,3007,1000,A302,K457

1008 3,1000,2008,1000,3008,1000,A302,K458

1009 3,1000,2009,1000,3009,I000,A302,K459

I010 3,1000,2010,1000,3010,1000,A302,K460

I011 3,1000,2011,1000,3011,1000,A302,K461

1012 3,1000,2012,1000,3012,1000,A302,K462

1013 3,1000,2013, IO00,3013,1000,A302,K463

I014 3,1000,2014,1000,3014,1000,A302,K464

1015,3,1000,2015,1000,3015,1000,A302,K465

1016,3,1000,2016,1000,3016,1000,A302,K466

SOFI TO ALUMINUM SKIN

DIV 4001,

DIV 4002

DIV 4003

DIV 4004

DIv 40_5
DIV 4006

DIV 4007

DIV 4008

DIV 4009

DIV 4010

DIV 4011

DIV 4012

DIV 4013

DIV 4014

DIV 4015

DIV 4016

5001,21001,A302,K651,A304,61.93E3

5002,21002,A302,K652,A304,61.93E3

5003,21003,A302,K653,A304,61.93E3

5004,21004,A302,K654,A304,

5005,21005,A302,K655,A304,

5006,21006,A302,

5007,21007,A302,

5008,21008,A302,

5009,21009,A302,

5010,21010,A302,

K656,A304,

K657,A304,

K658,A304,

K659,A304,

K660,A304,

61.93E3

61.93E3

61.93E3

61.93E3

61.93E3

61.93E3

61.93E3

5011,21011,A302,K661,A304,61.93E3

5012,21012,A302,K662,A304,61.93E3

5013,21013,A302,K663,A304,61.93E3

5014,21014,A302,K664,A304,61.93E3

.5015,21015,A302,K665,A304,61.93E3

,5016,21016,A302,K666,A304,61.93E3

INTERTANK

SIM 1017,3,1000,2017,1000,3017,1000,A302,K467

SIM 1018,3,1000,2018,1000,3018,1000,A302,K468

SIM 1019,3,1000,2019,1000,3019,1000,A302,K469

SIM 1020,3,1000,2020,1000,3020,1000,A302,K470

DIV 4017,5017,21017,A302,K667,A305,64.45E3

DIV 4018,5018,21018,A302,K668,A305,64-45E3

DIV 4019,5019,21019,A302,K669,A305,64-45E3

DIV 4020,5020,21020,A302,K670,A305,64.45E3

LOX BARREL

SIM 1021,3,1000,2021,1000,3021,1000,A302,K471
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C

C

C

c

DIV 4025,5025,21025,A302,K675,A304,38.20E3

DIV 4026,5026,21026,A302,K676,A304,38.20E3

DIV 4027,5027,21027,A302,K677,A304,38.20E3

DIV 4028,5028,21028,A302,K678,A304,38.20E3

FWD OGIVE

SIM 1029,

SIM 1030,

SIM 1031,

SIM 1032,

3,1000,2029,1000,3029,1000,A302,K479

3,1000,2030,1000,3030,1000,A302,K480

3,1000,2031,1000,3031,1000,A302,K481

3,1000,2032,1000,3032,1000,A302,K482

DIV 4029,5029,21029,A302,K679,A304,24.85E3

DIV 4030,5030,21030,A302,K680,A304,24.85E3

DIV 4031,5031,21031,A302,K681,A304,24.85E3

DIV 4032,5032,21032,A302,K682,A304,24.85E3

AFTDOME

SIM 1033,3,1000,2033,1000,3033,1000,A303, K483

SIM 1034,3,1000,2034,1000,3034,1000,A303,K484

SIM I035,3,1000,2035,1000,3035,1000,A303,K485

SIM 1036,3,1000,2036,1000,3036,1000,A303,K486

DIV 4033,5033,21033,A303,K683,A304,35.18E3

DIV 4034,5034,21034,A303,K684,A304,35.18E3

DIV 4035,5035,21035,A303,K685,A304,35.18E3

DIV 4036,5036,21036,A303,K686,A304,35.18E3

NOSECAP

SIM 1037,3,1000,2037,1000,3037,1000,A30I,K487

DIV 4037,5037,21037,A301,K687,A305,6.95E3

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

5001,1001,2001,A302

5002,1002,2002,A302

5003,1003,2003,A302

5004,1004,2004,A302

5005,1005,2005,A302

5006,1006,2006,A302

5007,1007,2007,A302

5008,1008,2008,A302

5009,1009,2009,A302

5010, I010,2010,A302

5011, I011,2011,A302,

5012,1012,2012,A302,

5013,1013,2013,A302,

5014,1014,2014,A302,

5015,1015,2015,A302,

5016,1016,2016,A302,

K651

K652

K653

K654

K655

K656

K657

K658

K659

K660

K661

K662

K663

K664

K665

K666

5017,1017,2017,A302,K667

5018,1018,2018,A302,K668

5019,1019,2019,A302,K669

5020,1020,2020,A302,K670

5021 1021,2021,A302,K67!

5022

5023

5024

5025

5026

5027

5028

5029

5030

1022,2022,A302,K672

i023,2023,A302

I024,2024,A302

I025,2025,A302

I026,2026,A302

I027,2027,A302

I028,2028,A302

I029,2029,A302

i030,2030,A302

K673

K674

K675

K676

K677

K678

K679

K680
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sir 5031,1031,2031,A302,K681

SIV 5032,1032,2032,A302,K682

SIV 5033,1033,2033,A303,K683

SIV 5034,1034,2034,A303,K684

SIV 5035,1035,2035,A303,K685

SIV 5036,1036,2036,A303,K686

SIV 5037,1037,2037,A30I,K687

C li_tli_iiim_imlun'_mlnimm

C ET- CIRCUMFERENTIAL SOFI CONDUCTORS

C LH2 TANK

SIM 6001,3,1,2001,4,2005,4,A302,.0176

SIM 6005,3,1,2002,4,2006,4,A302,.0176

SIM 6009,3,1,2003,4,2007,4,A302,.0176

SIM 6013,3,1,2004,4,2008,4,A302,.0176

C

C

C

SIV 6016,2001,2013,A302,.0176

SIV 6017,2002,2014,A302,.0176

SIV 6018,2003,2015,A302,.0176

SIV 6019,2004,2016,A302,.0176

INTERTANK

SIM 6020,3,1,2017,1,2018,1,A302,.036

SIV 6023,2017,2020,A302, .036

LOX BARREL

SIM 6030,3,1,2021,I,2022,1,A302,0.006

SIV 6033,2024,2021,A302,0.006

AFT OGIVE

SIM 6040,3,1,2025,1,2026,1,A302,0.0197

SIV 6043,2028,2025,A302,.0197

FWD OGIVE

SIM 6050,3,1,2029,1,2030, I,A302,.0131

SIV 6053,2029,2032,A302,.0131

LH2 AFT DOME

SIM 6060,3,1,2033,1,2034,1,A302,0.0198

51V 6063,2036,2033,A302,0.0198

C

C LH2 TANK

SIM 6101,3,1,3001,4,3005,4,A302,.0176

SIM 6105,3,1,3002,4,3006,4,A302,.0176

SIM 6109,3,1,3003,4,3007,4,A302, .0176

SIM 6113,3,1,3004,4,3008,4,A302,.0176

SIV 6116,3001,3013,A302,.0176

5IV 6117,3002,3014,A302,.0176

5IV 6118,3003,3015,A302, .0176

SIV 6119,3004,3016,A302, .0176

INTERTANK

SIM 6120,3,1,3017,1,3018,1,A302,.036

SIV 6123,3017,3020,A302,.036

LOX BARREL

SIM 6130,3,1,3021,I,3022,1,A302,0.006

SIV 6133,3024,3021,A302,0.006
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C

C

C

C:l#||nlnnllnlN#nn_nmsNmmlnn||

C LH2 TANK

SIM 6101,3,1,3001,4,3005,4,A302,.0176

SIM 6105,3,1,3002,4,3006,4,A302,.0176

SIM 6109,3,1,3003,4,3007,4,A302,.0176

SIM 6113,3,1,3004,4,3008,4,A302,.0176

SIV 6116,3001,3013,A302,.0176

SIV 6117,3002,3014,A302,.0176

SIV 6118,3003,3015,A302,.0176

SIV 6119,3004,3016,A302,.0176

INTERTANK

SIM 6120,3,1,3017,1,3018,1,A302,.036

SIV 6123,3017,3020,A302,.036

LOX BARREL

SIM 6130,3,1,3021, I,3022,1,A302,0.006

SIV 6133,3024,3021,A302,0.006

AFT OGIVE

SIM 6140, 3,1,3025, 1,3026,1,A302,0.0197

SIV 6143,3028,3025,A302, .0197

FWD OGIVE

SIM 6150,3,1,3029,1,3030, I,A302,.0131

SIV 6153,3029,3032,A302,.0131

LH2 AFT DOME

SIM 6160,3,1,3033,1,3034,1,A302,0.0198

SIV 6163,3036,3033,A302,0.0198

C======_IE_m=

C LH2 TANK

SIM 6201,3,1,4001,4,4005,4,A302,.0176

SIM 6205,3,1,4002,4,4006,4,A302,.0176

SIM 6209,3,1,4003,4,4007,4,A302,.0176

SIM 6213,3,1,4004,4,4008,4,A302,.0176

SIV 6216,4001,4013,A302,.0176

SIV 6217,4002,4014,A302,.0176

SIV 6218,4003,4015,A302,.0176

SIV 6219,4004,4016,A302,.0176

INTERTANK

SIM 6220,3,1,4017,1,4018,1,A302,.036

SIV 6223,4017,4020,A302,.036

LOX BARREL

SIM 6230,3,1,4021,I,4022,1,A302,0.006

sir 6233,4024,4021,A302,0.006

AFT OGIVE

SIM 6240,3,1,4025,1,4026,1,A302,0.0197

SIV 6243,4028,4025,A302,.0197

FWD OGIVE
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C

C

c

C

c=

C

SIM 6250,3,1,4029,1,4030,I,A302,.0131

SIV 6253,4029,4032,A302,.0131

LH2 AFT DOME

SIM 6260,3,1,4033,1,4034,1,A302,0.0198

SIV 6263,4036,4033,A302,0.0198

LH2 TANK

SIM 6301,3,1,5001,4,5005,4,A302,.0176

SIM 6305,3,1,5002,4,5006,4,A302,.0176

SIM 6309,3,1,5003,4,5007,4,A302,.0176

SIM 6313,3,1,5004,4,5008,4,A302,.0176

SIV 6316,5001,5013,A302,.0176

SIV 6317,5002,5014,A302,.0176

SIV 6318,5003,5015,A302,.0176

SIV 6319,5004,5016,A302,.0176

INTERTANK

SIM 6320,3,1,5017,1,5018,1,A302,.036

SIV 6323,5017,5020,A302,.036

LOX BARREL

SIM 6330,3,1,5021,I,5022,1,A302,0.006

SIV 6333,5024,5021,A302,0.006

AFT OGIVE

SIM 6340,3,1,5025,1,5026,1,A302,0.0197

SIV 6343,5028,5025,A302,.0197

FWD OGIVE

SIM 6350,3,1,5029,1,5030,i,A302,.0131

SIV 6353,5029,5032,A302,.0131

C

C LH2 AF'T DOME

C

SIM 6360,3,1,5033,1,5034,1,A302,0.0198

SIV 6363,5036,5033,A302,0.0198

C ET- LONGITUDINAL SOFI CONDUCTORS

C====

C

C

C

LH2 TANK

SIM 7001,4,1,2001,4,2002,4,A302,.0227

SIM 7005,4,1,2002,4,2003,4,A302,.0227

SIM 7009,4,1,2003,4,2004,4,A302,.0227

LH2 & IT

SIM 7013,4,1,2004,4,2017,1,A302,.0197

IT & LOX

SIM 7020,4,1,2017,1,2021,I,A302,.0276
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c

c

C

c

c

C

c

c

LOX & AFT OGIVE

SIM 7025,4,1,2021,I,2027,1,A302,.0343

LH2 & AFT DOME

SIV 7030,2001,2035,A302,.0215

SIV 7031,2005,2034,A302,.0215

SIV 7032,2009,2033,A302,.0215

SIV 7033,2013,2036,A302,.0215

LH2 TANK

SIM 7101,4,1,3001,4,3002,4,A302,.0227

SIM 7105,4,1,3002,4,3003,4,A302,.0227

SIM 7109,4,1,3003,4,3004,4,A302,.0227

LH2 & IT

SIM 7113,4,1,3004,4,3017,1,A302,.0197

IT & LOX

SIM 7120,4,1,3017,1,3021,I,A302,.0276

LOX & AFT OGIVE

SIM 7125,4,1,3021,I,3027,1,A302,.0343

LH2 & AFT DOME

SIV 7130,3001,3035,A302,.0215

SIV 7131,3005,3034,A302,.0215

SIV 7132,3009,3033,A302,.0215

SIV 7133,3013,3036,A302,.0215

LH2 TANK

SIM 7201,4,1,4001,4,4002,4,A302,.0227

SIM 7205,4,1,4002,4,4003,4,A302,.0227

SIM 7209,4,1,4003,4,4004,4,A302,.0227

LH2 & IT

SIM 7213,4,1,4004,4,4017,1,A302,.0197

IT & LOX

SIM 7220,4,1,4017,1,4021,I,A302,.0276

LOX & AFT OGIVE

SIM 7225,4,1,4021,I,4027,1,A302,.0343

LH2 & AFT DOME
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C

C

c

c

C

C

SIV 7230,40QI,4035,A302,.0215

SIV 7231,4005,4034,A302,.0215

SIV 7232,4009,4033,A302,.0215

SIV 7233,4013,4036,A302,.0215

LH2 TANK

SIM 7301,4,1,5001,4,5002,4,A302,.0227

SIM 7305,4,1,5002,4,5003,4,A302,.0227

SIM 7309,4,1,5003,4,5004,4,A302,.0227

LH2 & IT

SIM 7313,4,1,5004,4,5017,1,A302,.0197

IT & LOX

SIM 7320,4,1,5017,1,5021, I,A302,.0276

LOX & AFT OGIVE

3IM 7325,4,1,5021, I,5027,1,A302,.0343

LH2 & AFT DOME

SIV 7330,5001,5035,A302,.0215

SIV 7331,5005,5034,A302,.0215

SIV 7332,5009,5033,A302,.0215

SIV 7333,5013,5036,A302,.0215

LONGITUDINAL SOFI SURFACE CONDUCTORS

LH2

SIM 7401,4,1,I001,4,1002,4,A302,.0011

SIM 7405,4,1, I002,4,1003,4,A302,.0011

SIM 7409,4,1,I003,4,1004,4,A302,.0011

LH2 & IT

SIM 7413,4,1,I004,4,1017,1,A302,.001

IT & LOX

SIM 7420,4,1, i017,1,i021,i,A302,.00138

LOX & AFT OGIVE

SIM 7425,4,1,1021,i,1027,1,A302,.0017

LH2 & AFT DOME

SIV 7430, I001,I035,A302,.001

SIV 7431,1005,1034,A302,.001

SIV 7432,1009,1033,A302,.001

SIV 7433,1013,1036, A302,.001

C

C ALUMINUM SKIN TO CYOGENIC BOUNDARY

C

SIM II301,16,1,21001,1,7000,0,A304,61.93E3

SIM II317,4,1,21017,1,7002,0,A305,64.45E3

SIM II321,4,1,21021,1,7001,O,A304,22.75E3

SIM II325,4,1,21025,1,7001,0,A304,38.2E3
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c

C

C

SIM 12050,3,1,21029,1,21030,1,A304,.0177

SIV 12053,21029,21032,A304,.0177

LH2 AFT DOME

SIM 12060,3,1,21033,1,21034,1,A304,0.023

SIV 12063,21036,21033,A304,0.023

LONGITUDINAL ET SKIN CONDUCTORS

LH2 TANK

SIM 13001,2,1,21001,i,21002,1,A304,.0152

SIM 13005,2,1,21005,1,21006,1,A304,.0152

SIM 13009,2,1,21009,1,21010, I,A304,.0152

SIM 13013,2,1,21013,1,2!014,1,A304,.0152

DIM 13015,4,1,21003,4,21004,4,A304,.O304,A304,.0494

SIV 13020,21021,21027,A304,.0215

SIV 13021,21022,21026,A304,.0215

SIV 13022,21023,21025,A304,.0215

SIV 13023,21024,21028,A304, .0215

SIM 13025,4,1,21025,1,21029,1,A304,.0126

DIM 13030,4,1,21029,1,21037,0,A304,.0058, A305,.0150

LOX BARREL & IT

DIM 13040,4,1,21017,1,21021,I,A305,.0291,A304,.0827

LH2 BARREL & IT

DIM 13050,4,1,21017,1,21004,4,A305,.O291,A304,.0494

SIV 13060,21001,21035,A304,.0063

SIV 13061,21034,21005,A304,.0063

SIV 13062,21013,21036,A304,.0063

SIV 13063,21009,21033,A304,.0063

C

C SRB SKIN CONDUCTION

RHSRB

CIRCUMFERENCIAL CONDUCTORS

GEN 201,3,1,22001,1,22002,1,4.257

204,22004,22001,4.257

GEN 205,3,1,12005,7,12012,7,1.65

GEN 209,3,1,12006,7,12013,7,1.65

GEN 213,3,1,12007,7,12014,7,1.65

GEN 217,3,1,12008,7,12015,7,1.65

GEN 221,3,1,12009,7,12016,7,1.65

GEN 225,3,1,12010,7,12017,7,1.65

GEN 229,3,1,12011,7,12018,7,1.65

233,12005,12026,1.65

234,12006,12027,1.65

235,12007,12028,1.65

S NOSECONE

$ SRM

$ SRM

$ SRM

$ SRM

$ SRM

S SRM

$ SRM
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236,12008,12029,1.65

237,12009,12030,1.65

238,12010,12031,1.65

239,12011,12032,1.65

GEN 240,6,1,12033,1,12035,1,1.65

246,12039,12033,1.65

247,12040,12034,1.65

$ REAR ASSEMBLY

GEN 260,3,1,22041,1,22042,1,2.866 $ AFT SKIRT

LONGITUDINAL SKIN CONDUCTORS

GEN 270,4,1,22001, i,12005,7,1.478

GEN 275,4,1,12005,7,12006,7,0.895

GEN 280,4,1,12006,7,12007,7,0.895

GEN 285,4,1,12007,7,12008,7,0.895

GEN 290,4,1,12008,7,12009,7,0.895

GEN 295,4,1,12009,7,12010,7,0.895

GEN 300,4,1,12010,7,12011,7,0.895

315,12011,12033,1201_,12035,12025,12037,12032,12039,0.895

GEN 320,4,1,12033,2,12034,2,0.895

GEN 325,4,1,12034,2,22041,1,2.83

LHSRB - CIRCUMFERENCIAL SKIN CONDUCTORS

GEN 401,3,1,22045,1,22046,1,4.257

404,22048,22045,4.257

$ NOSECONE

GEN 405,3,1,12049,7,12056,7,1.65 $ SRM

GEN 409,3,1,12050,7,12057,7,1.65 $ 5RM

GEN 413,3,1,12051,7,12058,7,1.65 $ SRM

GEN 417,3,1,12052,7,12059,7,1.65 $ SRM

GEN 421,3,1,12053,7,12060,7,1.65 $ SRM

GEN 425,3,1,12054,7,12061,7,1.65 S SRM

GEN 429,3,1,12055,7,12062,7,1.65 $ SRM

433,12049,12070,1.65

434,12050,12071,I.65

435,12051,12072,1.65

436,12052,12073,1.65

437,12053,12074,1.65

438,12054,12075,1.65

439,12055,12076,1.65

GEN 440,6,1,12077,1,12079,1,1.65

446,12083,12077,1.65

447,12084,12078,1.65

$ REAR ASSEMBLY

GEN 460,3,1,22085,1,22086,1,2.866 $ AFT SKIRT

LONGITUDINAL SKIN CONDUCTORS

GEN 470,4,1,22045,1,12049,7,1.478

GEN 475,4,1,12049,7,12050,7,0.895

GEN 480,4,1,12050,7,12051,7,0.895

GEN 485,4,1,12051,7,12052,7,0.895

GEN 490,4,1,12052,7,12053,7,0.895

GEN 495,4,1,12053,7,12054,7,0.895

GEN 500,4,1,12054,7,12055,7,0.895

515,12055,12077,12062,12079,12069,12081,12076,12083,0.895

GEN 520,4,1,12077,2,12078,2,0.895
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c

c

c

c

C RSRE

C

C LSRB

C

C

C RSRB

GEN 401,3,1,22045,1,22046,1,4.257

404,22048,22045,4.257

$ NOSECONE

GEN 405,3,1,12049,7,12056,7,1.65

GEN 409, 3,1,12050,7,12057,7,1.65

GEN 413, 3, I, 12051, 7, 12058, 7, 1.65

GEN 417, 3, 1,12052, 7, 12059, 7, 1.65

GEN 421,3,1,12053,7,12060,7,1.65

GEN 425, 3,1,12054,7,12061,7,1.65

GEN 429, 3,1,12055,7,12062,7,1.65

$ SRM

$ SRM

$ SRM

$ SRM

$ SRM

$ SRM

$ SRM

433,12049,12070,1.65

434,12050,12071,1.65

435,12051,12072,1.65

436,12052,12073,1.65

437,12053,12074,1.65

438,12054,12075,1.65

439,12055,12076,1.65

GEN 440,6,1,12077,1,12079,1,1=65

446,12083,12077,1.65

447,12084,12078,1.65

$ REAR ASSEMBLY

GEN 460,3,1,22085,1,22086,1,2.866 $ AFT SKIRT

LONGITUDINAL SKIN CONDUCTORS

GEN 470,4,1,22045,1,12049,7,1.478

GEN 475,4,1,12049,7,12050,7,0.895

GEN 480,4,1,12050,7,12051,7,0.895

GEN 485,4,1,12051,7,12052,7,0.895

GEN 490,4,1,12052,7,12053,7,0.895

GEN 495,4,1,12053,7,12054,7,0.895

GEN 500,4,1,12054,7,12055,7,0.895

515,12055,12077,12062,12079,12069,12081,12076,12083,0.895

GEN 520,4,1,12077,2,12078,2,0.895

GEN 525,4,1,12078,2,12085,1,2.83

SRB SOFI TO STEEL CASE

GEN 600,4,1,12001,i,22001,i,71.283

GEN 605,4,1,12045,1,22045,1,71.283

GEN 690,4,1,12041,1,22041,1,73.04

GEN 695,4,1,12085,1,22085,1,73.04

STEEL CASE TO INSULATION

GEN 9001,28,1,12005,1,22005,1,64248.

GEN 9051,8,1,12033,1,22033,1,71970.

GEN 9101,28,1,12049,1,22049,1,64248.

GEN 9151,8,1,12077,1,22077,1,71970.

INSULATION TO PROPELLANT

GEN 9201,28,1,22005,1,31005,1,41.99

GEN 9251,8,1,22033,1,31033,1,47.20



C LSRB

C
C
c RSRB

C
CLSRB

C
CRSRB

c
CLSRB

C
CRSRB

C
CLSRB

GEN 9301,28,1,22049,1,31049,1,41.99

GEN 9351,8,1,22077,1,31077,1,47.20

PROPELLANT CONDUCTORS

GEN 9401,28,1,31005,1,32005,1,30.26

GEN 9451,8,1,31033,1,32033,1,33.82

GEN 9501,28,1,31049,1,32049,1,30.26

GEN 9551,8,1,31077,1,32077,1,33.82

GEN 9601,28,1,32005,1,33005,1,25.55

GEN 9651,8,1,32033,1,33033,1,28.56

GEN 9701,28,1,32049,1,33049,1,25.55

GEN 9751,8,1,32077,1,33077,1,28.56

GEN 9801,28,1,33005,1,34005,1,21.06

GEN 9851,8,1,33033,1,34033,1,23.55

GEN 9901,28,1,33049,1,34049,1,21-06

GEN 9951,8,1,33077,1,34077,1,23.55

C

C==

C ET

C CONVECTION TO ISS GAS

C LH2 BARREL

8001 1001,40, 1.0

8002 1002,40, 1.0

8003 1003,40, 1.0

8004 1004,40, 1.0

8005 1005,40, 1.0

8006 i006,40, 1.0

8007 1007,40, 1.0

8008 1008,40, 1.0

8009 1009,40, 1.0

8010 1010,40, 1.0

8011,1011,40, 1.0

8012,1012,40, 1.0

8013,1013,40, 1.0

8014,1014,40, 1.0

8015,1015,40, 1.0

8016,1016,40, 1.0

C

C

C

INTERTANK

8017,1017,40, 1.0

8018,1018,40, 1.0

8019,1019,40, 1.0

8020,1020,40, 1.0

LOX BARREL

8021, I021,40, 1.0

8022,1022,40, 1.0

8023,1023,40, 1.0

8024,1024,40, 1.0
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- 10013,

- 10014,

- 10015,

- 10016,

- 10017,

- 10018,

- 10019,

- 10020

- 10021

- 10022

- 10023

- 10024

- 10025

- 10026

- 10027

- 10028

- 10029

- 10030

- 10031,

- 10O32

- 10033

- 10O34

- 10035

- 10036

- 10037

- 10038

- 10039

- 10040

- 10041

- 10042

- 10043

- 10044

- 10045

- 10046

- 10047

- 10048

- 10049

10050

I005:

10052

10053

10054

10055

10056

10057

10058

10059

10060

10061

10062

10063

10064

10065

10066

- 10067

- 10068

- 10069

- 10070

- 10071

- 10072

- 10073

- 10074,

- 10075,

- 10076,

- 10077,

- 10078,

- 10079,

8000,

8000,

8000,

8000,

8000,

8000,

8000,

8000,

8000,

8000,

8000,

12050, 0 74914E-085

12051, 0 14741E-075

12052, 0 25210E-075

12053, 0 26787E-075

12054, 0 I1742E-075

12055, 0 27002E-085

12071, 0 64580E-085

12072, 0 I0516E-075

12073, 0 12995E-075

12074, 0 17076E-075

12075, 0 50461E-085

8000, 12077, 0 I1997E-085

8000, 12005, 0 21766E-085

8000, 12006, 0 74894E-085

8000, 12007, 0 14739E-075

8000, 12008, 0 25208E-075

8000, 12009, 0 26785E-075

8000, 12010, 0.I1740E-075

8000, 12011, 0.26992E-085

8000, 12013, 0.64580E-085

8000,

8000,

8000,

8000,

8000,

8000,

8000

8000

8000

8005

8005

8005

8005

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

12014, 0.I0516E-075

12015, 0.12995E-075

12016, 0.17076E-075

12017, 0.50461E-085

12033, 0.I1989E-085

502, 0.93027E-085

503, 0.93012E-085

9000, 0.14397E-075

9001, 0.14627E-075

8010, 0.29698E-085

8015, 0.29640E-085

8020, 0.34570E-OSS

1005, 0.70359E-075

1006, 0.34868E-075

1009, 0.39574E-065

1010, 0.18774E-065

I011, 0.40981E-085

I013, 0.70359E-075

1014, 0.34868E-075

1033, 0.46406E-085

1034, 0.33504E-085

1036, 0.33501E-085

12052, 0.26592E-085

12053, 0.15483E-075

12054, 0.56407E-075

12055, 0.65812E-075

12061, 0.27455E-085

12062, 0.53430E-085

12073, 0 15336E-085

12074, 0 44827E-085

12075, 0 14054E-075

12076, 0 13062E-07$

12077, 0 20399E-075

12078, 0 21241E-085

12079, 0 23158E-085

12083, 0 44247E-085

12084, 0 12579E-085

12008, 0 26577E-085

12009, 0 15481E-075

12010, 0 56405E-075

12011, 0 658108-075

12015, 0 15336E-085

12016, 0 44827E-085

12017, 0 14054E-075

12018, 0 13062E-075

12031, 0 27351E-085

12032, 0 53333E-085
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10080

10081

10082

10083

10084

10085

- 10086

- 10087

- 10088

- 10089

- 10090

10091

10092

10093

10094

10095

10096

10097

10098

10099

I0100

10101

- 10102

- 10103

- 10104

- 10105

- 10106

- 10107

- 10108,

- 10109,

- I0110,

- 10111,

- 10112,

- 10113,

- 10114,

- 10115,

- 10116

- 10117

- 10118

- 10119

- 10120

- 10121

- 10122

- 10123

- 10124

- 10125

- 10126

- 10127

- 10128

- 10129

- 10130

- 10131

- 10132

- 10133

- 10134

- 10135

- 10136

- 10137

- 10138

- 10139

- 10140

- 10141

- 10142

- 10143

- 10144

- 10145

- 10146,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

8005,

80O5,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010

8010

8010

8010

8010

8010

8010

8010

8010

8010

8010

8010

8010

8015

8015

8015

8015,

8015,

12033, 0.20398E-075

12034, 0.21230E-085

12035, 0.44248E-085

12036, 0.12579E-085

12039, 0.23077E-085

12085, 0.19933E-085

12088, 0.12336E-085

12041, 0.19920E-085

12042, 0.12335E-085

502, 0.18908E-075

503, 0.18793E-075

9000, 0.24983E-075

9001, 0.25593E-075

1005, 0.29941E-075

1006, 0.38697E-085

1009, 0.17072E-075

1033, 0.15806E-075

1034, 0.21191E-075

12053, 0.I0323E-085

12054, 0.47546E-085

12055, 0.28445E-075

12061, 0.13080E-085

12062, 0.57466E-085

12076, 0.36182E-085

12077, 0.61620E-075

12078, 0.16722E-075

12079, 0.I0594E-075

12080, 0.34499E-085

12083, 0.65042E-085

12084, 0.19734E-08$

12036, 0.32645E-085

12085, 0.35441E-085

12086, 0.15079E-085

12088, 0.89031E-095

12042, 0.18072E-085

500, 0.24233E-075

501, 0.I1536E-075

502, 0.28042E-075

503, 0.I0191E-075

9001, 0.15246E-075

1009, 0.17070E-07$

1013, 0.29940E-07$

1014, 0.38696E-085

1033, 0.15805E-07$

1036, 0.21190E-075

8015, 12084, 0.32643E-085

8015, 12009, 0.I0315E-085

8015, 12010, 0.47535E-08$

8015, 12011, 0 28443E-075

8015, 12018, 0

8015, 12031, 0

8015, 12032, 0

8015, 12033, 0

8015, 12034, 0

8015, 12035, 0

8015, 12036, 0

8015, 12039, 0

8015, 12040, 0

8015, 12088, 0

8015, 12041, 0

8015, 12042, 0

8015, 12044, 0

8015, 500, 0

8015, 501, 0

8015, 502, 0

8015, 503, 0

8015, 9OOO, 0

36182E-085

13016E-085

57394E-085

61619E-075

16721E-075

65041E-085

19732E-085

I0588E-075

34440E-085

18071E-085

35426E-085

89019E-095

15033E-085

I1496E-075

24110E-075

I0184E-075

27886E-07$

14588E-075
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- I0096_

- 10097,

- 10098,

- 10099,

- I0100,

- I0101,

- 10102,

- 10103

- 10104

- 10105

- 10106

- 10107

- 10108

- 10109

- I0110

- I0111

- 10112

- 10113

- 10114

- 10115

- 10116

- 10117

- 10118

- 10119

- 10120

- 10121

- 10122

- 10123

- 10124

- 10125

- 10126

- 10127

- 10128

- 10129

- 10130

- 10131

- 10132

- 10133

- 10134

- 10135

- 10136

- 10137

- 10138

- 10139

- 10140

- 10141

- 10142

- 10143

- 10144

- 10145

- 10146

- 10147

- 10148

- 10149

- 10150

- 10151

- 10152

- 10153

- 10154

- 10155

- 10156

- 10157

- 10158

- 10159

8010,

8010,

8010,

8010,

8010,

8010,

8010,

8010,

1033, 0 15806E-075

1034, 0 21191E-075

12053, 0 I0323E-08$

12054, 0 47546E-085

12055, 0 28445E-075

12061, 0 13080E-085

12062, 0 57466E-085

12076, 0 36182E-085

8010, 12077, 0

8010, 12078, 0

8010, 12079, 0

8010, 12080, 0

8010, 12083, 0

8010, 12084, 0

8010, 12036, 0

8010, 12085, 0

8010, 12086, 0

8010, 12088, 0

8010, 12042, 0

8010, 500, 0

8010, 501, 0

8010, 502, 0

8010, 503, 0

8010, 9001, 0

8015, 1009, 0

61620E-075

16722E-075

I0594E-075

34499E-085

65042E-085

19734E-085

32645E-085

35441E-085

15079E-085

89031E-095

18072E-085

24233E-075

I1536E-075

28042E-075

I0191E-075

15246E-075

17070E-075

8015, 1013, 0.29940E-075

8015, 1014, 0.38696E-085

8015, 1033, 0.15805E-075

8015, 1036, 0.21190E-075

8015, 12084, 0.32643E-085

8015, 12009, 0.I0315E-085

8015, 12010, 0.47535E-085

8015, 12011, 0.28443E-075

8015, 12018, 0.36182E-085

8015, 12031, 0.13016E-085

8015, 12032, 0.57394E-085

8015, 12033, 0.61619E-075

8015, 12034, 0.16721E-075

8015, 12035, 0.65041E-085

8015, 12036, 0.19732E-085

8015, 12039, 0.I0588E-075

8015, 12040, 0.34440E-085

8015, 12088, 0.18071E-085

8015, 12041, 0.35426E-085

8015, 12042, 0.89019E-095

8015, 12044, 0.15033E-085

8015, 500, 0.I1496E-075

8015, 501, 0.24110E-075

8015, 502, 0.I0184E-075

8015, 503, 0.27886E-075

8015, 9000, 0.14588E-075

8020, 1009, 0.65518E-075

8020, 1033, 0.II090E-065

8020, 1034, 0.56742E-085

8020, 1036, 0.56740E-085

8020, 12054, 0.I1320E-085

8020, 12055, 0.45035E-085

8020, 12076, 0.15935E-085

8020, 12077, 0.I0259E-075

8020, 12078, 0.58447E-085

8020, 12083, 0.12189E-075

8020, 12084, 0.79511E-085

8020, 12010, 0.I1315E-085

8020, 12011, 0.45029E-085
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- 10160

- 10161,

- 10162,

- 10163,

- 10164

- 10165

- 10166

- 10167

- 10168

- 10169

- 10170

- 10171

- 10172

- 10173

- 10174

- 10175

- 10176

- 10177

- 10178

- 10179

10180

10181

10182

10183

10184

10185

10186,

10187

10188

10189

- 10190

10191

- I0192

- 10193

- 10194

- 10195,

- 10196,

- 10197,

- 10198,

- 10199,

- I0200.

- 10201,

- 10202,

- 10203,

- 10204

- 10205

- 10206

- 10207

- 10208

- 10209

- 10210

- 10211

- 10212

- 10213

- 10214

- 10215

- 10216,

- 10217,

- 10218,

- 10219,

- 10220,

- 10221,

- 10222,

- 10223,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8020,

8025,

8025,

8025,

8025,

8025,

8025,

8025,

8025,

8025,

8025,

8025,

8025,

8O25,

8025,

8025,

8025,

8025

8025

8025

8025

8025

8030

8030,

8030,

8030,

12018, 0 15935E-085

12033, 0 I0259E-075

12034, 0 58443E-085

12035, 0 12189E-075

12036, 0 79511E-085

12085, 0 19553E-085

12088, 0 32406E-085

12041, 0 19549E-085

12042, 0 32406E-085

500, 0 14743E-075

501, 0.14718E-075

502, 0.89508E-085

503, 0.88999E-085

9000, 0.25311E-085

9001, 0.27661E-085

1033, 0.28791E-075

1034, 0.75183E-085

1036, 0.75183E-085

12055, 0.98532E-095

12077, 0.50213E-085

12078, 0.80040E-085

12083, 0.66064E-085

12084, 0.98787E-085

12011, 0.98496E-095

12033, 0.50209E-085

12034, 0.80037E-085

12035, 0.66065E-085

12036, 0.98787E-085

12085, 0.33038E-085

12088, 0.48864E-085

12041, 0.33035E-085

12042, 0.48864E-085

500, 0.10835E-075

501, 0.10815E-075

502, 0.23384E-075

503, 0.23346E-075

1012, 0.I0255E-065

1019, 0.54829E-075

12049, 0.18752E-085

12050, 0.29853E-085

8030, 12051, 0.12902E-085

8030, 12005, 0.18749E-085

8030, 12006, 0.29850E-08$

8030, 12007, 0.12899E-085

8030, 9000, 0.18111E-085

8030, 9001, 0.18286E-085

8035, 1012, 0.34005E-085

8035, 1019, 0.80655E-075

8035, 12049, 0.19417E-085

8035, 12050, 0 13134E-085

8035, 12005, 0

8035, 12006, 0

8035, 9000, 0

8035, 9001, 0

1021, 500, 0

1021, 501, 0

1021, 9000, 0

1021, 9001, 0

1022, 12045, 0

1022, 12047, 0

1022, 12048, 0

1022, 500, 0

1022, 6011, 0

1022, 6021, 0

19415E-085

13132E-085

75106E-095

75878E-095

30401E-085

30457E-085

98205E-085

98314E-085

43321E-085

43322E-085

16959E-075

13965E-085

17528E-085

15840E-085
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- 10224,

- 10225,

- 10226,

- 10227,

- 10228,

- 10229,

10230,

10231,

- 10232,

- 10233,

- 10234,

- 10235,

- 10236,

- 10237,

- 10238,

10239,

10240,

- 10241,

- 10242,

- 10243,

- 10244,

- 10245,

- 10246,

- 10247,

10248,

- 10249,

- 10250,

- 10251,

- 10252,

- 10253,

- 10254,

- 10255,

10256,

10257,

- 10258,

- 10259,

- 10260,

- 10261,

- 10262,

- 10263,

- 10264,

10265,

10266,

- 10267,

- 10268,

- 10269,

- 10270,

- 10271,

- 10272,

- 10273,

- 10274,

10275,

10276,

- 10277,

- 10278,

- 10279,

- 10280,

- 10281,

- 10282,

- 10283,

10284,

10285,

- 10286,

- 10287,

1022

1022

1022

1022

1022

1022

1023

1023

1024

1024

1024

1024

1024

1024

I001

i001

I001

1001

i001

I001

1002

1002

1002

1002

1003

1003

1003

1003

1004,

1004

1004

1004

1005

1005

1005

1005

1005

1005

1005

1005

1005

1005

1005

1005

1006

1006

1006

1006

1006

1006

1006

1006

1006

1006

1006

1006

1007

1007

1007

1007

1007

1007

1007

1007

6050, 0.21099E-085

6060, 0.28495E-085

6070, 0.15072E-085

6080 0.I1508E-085

9001

9002

9002

9003

12001

12002

12003

501

9000

9003

500

501

5O2

503

9000

0.73026E-085

0.91907E-085

0.14284E-075

0.14277E-075

0.43302E-085

0.16959E-075

0.43302E-085

0.13890E-085

0.71054E-085

0.89707E-085

0.52166E-075

0.52136E-075

0.40921E-085

0.40369E-085

0.22203E-075

9001 0.22474E-075

500

501

9000

9001

500

501

9000

9001

500

501

9000

0.35719E-075

0.35708E-075

0.28161E-075

0.28313E-075

0.24470E-075

0.24471E-075

0.37843E-075

0.37933E-075

0.17025E-075

0.17035E-075

0.34967E-075

9001, 0.35032E-075

12054, 0.69145E-085

12055, 0.14568E-075

12068, 0.64934E-085

12069, 0.13833E-075

12075, 0.52465E-075

12076, 0.12887E-065

12077, 0.35059E-085

12081, 0.27800E-085

12083, 0.I1635E-075

500, 0.23850E-075

502, 0.16167E-075

9001, 0.14557E-075

12052, 0.13873E-085

12053 0.12327E-075

12054

12066

12067

12068

12073

12074

12075

5OO

9001

9002

12051

12052

12053

12065

12066

0.96066E-085

0.13207E-085

0.12215E-075

0.93920E-08$

0.20614E-085

0.II020E-065

0.80064E-075

0.18887E-075

0.16493E-075

0.91871E-085

0.56195E-085

0.14095E-075

0.36147E-085

0.55883E-085

0.14040E-075

12067, 0.35535E-085

12072, 0.41449E-07$

12073, 0.12972E-065
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- 10288,

- 10289,

- 10290,

- 10291,

- 10292,

- 10293,

- 10294,

- 10295,

- 10296,

- 10297,

- 10298,

- 10299,

- 10300,

- 10301,

- 10302

- 10303

- 10304

- 10305

- 10306

- 10307

- 10308

- 10309

- 10310

- 10311

- 10312

- 10313

- 10314

- 1O315

- 10316

- 10317

- 10318

- 10319

- 10320

- 10321,

- 10322

- 10323

- 10324

- 10325

- 10326

- 10327

- 10328

- 10329

- 10330

- 10331

- 10332

- 10333

- 10334

- 10335

- 10336

- 10337

- 10338

- 10339

- 10340,

- 10341,

- 10342,

- 10343,

- 10344,

- 10345,

- 10346,

- 10347,

- 10348,

10349,

10350,

10351,

1007,

1007,

1007,

1007,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1008,

1009,

1009,

1009,

1009,

1009,

1009,

1009,

1009,

1009,

1009,

1010,

I010,

I010,

1010,

i010,

I010,

I010,

1010,

I010,

I010,

I011,

I011,

I011,

i011,

I011,

I011,

I011,

1012,

1012,

1012,

1013,

1013,

1013,

1013,

1013,

1013,

1013,

1013,

1013,

1013,

1013,

1013,

1014,

1014,

1014,

1014,

1014,

12074, 0 22141E-075

500, 0 12845E-075

9001, 0 26302E-075

9002, 0 28204E-075

12049, 0 I0377E-085

12050, 0 I1478E-075

12051, 0 I0269E-075

12063, 0 I0364E-085

12064, 0 I1473E-075

12065, 0 I0260E-075

12070, 0 13638E-085

12071, 0 I0147E-065

12072, 0 90920E-075

500, 0 88680E-085

502, 0 33666E-085

9001, 0 23843E-075

9002, 0 31966E-075

I010, 0 73807E-085

1033, 0 30556E-085

12054, 0 22184E-085

12055, 0 28095E-085

12077, 0 13759E-08$

12010, 0 22!76E-085

12011, 0 28088E-085

12033, 0 13752E-085

502, 0 35364E-085

503, 0 34838E-085

I011, 0 12999E-075

1012, 0 72532E-085

12053, 0 I0977E-085

12054, 0 13810E-085

12055, 0 12860E-085

12009, 0 I0971E-085

12010, 0 13804E-085

12011, 0 12855E-085

9002, 0.41338E-085

9003, 0.39960E-085

1012, 0.I0829E-075

12052, 0.I1456E-085

12053, 0.12215E-085

12008, 0.I1449E-085

12009, 0.12210E-085

9002, 0.13401E-075

9003, 0.13323E-075

1019, 0.49665E-085

9002, 0.15817E-075

9003, 0.15762E-075

12010, 0.69145E-085

12011, 0.14568E-075

12017, 0.52465E-075

12018, 0.12887E-065

12024, 0.64933E-085

12025, 0.13833E-075

12033, 0.35058E-085

12035, 0.I1635E-075

12037, 0.27799E-085

501, 0.23843E-075

503, 0.16157E-075

9000, 0.14517E-075

12008, 0.13872E-085

12009, 0.12327E-075

12010, 0.96066E-085

12015, 0.20614E-085

12016, 0.I1020E-065

3-3-30



10352,

10353,

10354,

10355,

10356,

10357,

10358,

10359,

10360,

10361,

10362,

10363,

10364,

10365,

10366,

10367,

10368,

10369,

10370,

10371,

10372,

10373,

10374,

10375,

10376,

10377,

10378,

10379,

10380,

10381,

10382,

10383,

10384

10385

10386

10387

10388

10389

10390

10391

10392

10393

10394

10395

10396

10397

10398

10399

10400,

10401,

10402,

10403,

10404,

10405,

10406,

10407,

10408,

10409,

10410,

10411,

10412,

10413,

10414,

10415,

1014

1014

1014

1014

I014

1014

1014

1015

1015

1015

1015

1015

1015

1015

1015

1015

1015

1015

1015

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1016,

1017,

1017,

1017,

1017,

1017,

1017,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018,

1018

1019

1019

1019

1019

1020

1020

1020

1020

1020

I020,

1020,

1020,

12017,

12022,

12023,

12024,

501,

9000,

9003,

12007,

12008,

12009

12014

12015

12016

12021

12022

12023

501

9000

9003

12005

12006

12007

12012

12013

12014

12019,

12020,

12021,

501,

503,

9000,

9003,

12063,

12019,

500,

501,

9000,

9001,

12045,

12047,

12048,

12049,

12050,

12063,

12064,

12070,

12071,

500,

6050,

6060,

9001,

9002,

12049,

12005

9002

9003

12001

12002

12003

12005

12006

12012

12013

12019

0.80064E-075

0.13206E-085

0.12215E-075

0.93919E-085

0.18884E-075

0.16476E-075

0.91697E-085

0.56195E-085

0.14095E-075

0.36146E-085

0.41449E-075

0.12972E-065

0.22141E-075

0.55883E-085

0.14040E-075

0.35535E-085

0.12844E-075

0.26290E-075

0.28192E-075

0.I0377E-085

0.I1478E-075

0.I0269E-075

0.13638E-085

0.I0147E-065

0.90920E-075

0 I0363E-085

0 I1473E-075

0 10260E-075

0 88665E-085

0 33645E-085

0 23833E-075

0.31956E-075

0.14218E-085

0.14204E-085

0.15100E-075

0.15121E-075

0.40065E-075

0.40125E-075

0.73719E-085

0.73720E-085

0.57188E-075

0 14132E-07S

0 41615E-08$

0 14132E-075

0 41618E-085

0 13267E-065

0 33041E-075

0 77500E-085

0.53968E-085

0.54244E-085

0.35950E-075

0.43987E-075

0.17448E-085

0.17434E-085

0.44384E-07$

0.44340E-075

0.73684E-085

0.57188E-075

0.73685E-085

0.14129E-075

0.41598E-085

0.13267E-065

0.33041E-075

0.14130E-075
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- 10416,

- 1041"7,

- 10418,

- 10419,

- 10420,

10421,

10422,

- 10423,

- 10424,

- 10425,

- 10426,

- 10427,

- 10428,

- 10429,

10430,

10431,

10432,

- 10433,

- 10434,

- 10435,

- 10436,

- 10437,

- 10438,

- 10439,

10440,

10441,

- 10442,

- 10443,

- 10444,

- 10445,

- 10446,

- 10447,

- 10448,

- 10449,

10450,

10451,

- 10452,

- 10453,

- 10454,

- 10455,

- 10456,

- 10457,

- 10458,

- 10459,

10460,

10461,

- 10462,

- 10463,

- 10464,

- 10465,

- 10466,

- 10467,

- 10468,

- 10469,

10470,

- 10471,

- 10472,

- 10473,

- 10474,

- 10475,

- 10476,

- 10477,

- 10478,

10479,

1020, 12020, 0.41600E-085

1020, 501, 0.77485E-085

1020, 9000, 0.35575E-075

1020, 9003, 0.43570E-075

1033, 12077, 0.21195E-085

1033, 12078, 0.21665E-085

1033, 12083, 0.17192E-085

1033, 12084, 0.45275E-085

1033, 12033, 0.21194E-085

1033 12034, 0.21664E-085

1033 12035, 0.17192E-085

1033 12036, 0.45275E-085

1033 12085, 0.15657E-085

1033 12088, 0.28930E-085

1033 12041, 0.15655E-085

1033 12042, 0.28930E-08$

1033 500, 0.30406E-085

1033 501, 0.30304E-085

1033 502, 0.46828E-075

1033, 503, 0.46809E-075

1033, 9002, 0.22509E-085

1033, 9003, 0.21732E-085

1034, 12077, 0.56820E-085

1034, 12078, 0.15811E-085

1034, 12081, 0.51949E-085

1034, 12082, 0.13999E-085

1034, 12083, 0.66747E-075

1034, 12084, 0.13615E-075

1034, 12085, 0.13671E-085

1034, 12087, 0.13171E-085

1034, 12088, 0.46283E-085

1034, 12042, 0.13411E-085

1034, 500, 0.29252E-075

1034, 501, 0.67421E-085

1034, 502, 0.69827E-075

1034, 503, 0.16472E-075

1034, 9001, 0.38127E-085

1034 9002, 0.41638E-085

1035 12081, 0.13301E-085

1035 12082, 0.17345E-085

1035 12083, 0.I0934E-085

1035 12084, 0.40305E-085

1035 12035, 0.10934E-085

1035 12036, 0.40305E-085

1035 12037, 0.13299E-085

1035 12038, 0.17344E-085

1035 12087, 0.14129E-085

1035 12088, 0.26682E-085

1035 12042, 0.26682E-085

1035, 12043, 0.14128E-085

1035

1035

1035

1035

1035

1035

1036

1036

1036

1036

1036

1036

1036

1036

500, 0.49390E-075

501, 0.49378E-075

502, 0.38463E-075

503, 0.38441E-075

9000, 0.39945E-085

9001, 0.40856E-085

12033, 0.56818E-085

12034, 0.15810E-085

12035, 0.66747E-075

12036, 0.13615E-075

12037, 0.51947E-085

12038, 0.13997E-085

12088, 0.13411E-085

12041, 0.13669E-085
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- 10549, 12056,

- 10550, 12056,

- 10551, 12056,

- 10552, 12056,

- 10553, 12056,

- 10554, 12056,

- 10555 12056,

- 10556 12056,

- 10557 12056,

- 10558 12057,

- 10559 12057,

- 10560 12057,

- 10561 12057,

- 10562, 12057,

- 10563 12057,

- 10564 12057,

10565 12057,

10566 12057,

10567 12057,

10568 12058,

10569 12058,

10570 12059,

10571 12058,

10572 12058,

- 10573 12058,

- 10574 12058,

- 10575 12058,

- 10576, 12058,

- 10577, 12058,

- 10578, 12058,

- 10579, 12059,

- 10580, 12059,

- 10581, 12059,

- 10582 12059,

- 10583 12059,

- 10584 12059,

- 10585 12059,

- 10586 12059,

- 10587 12059,

- 10588 12059,

- 10589 12060,

- 10590 12060,

- 10591, 12060,

- 10592, 12060,

- 10593, 12060,

- 10594, 12060,

- 10595, 12060,

- 10596, 12060,

- 10597, 12061,

- 10598, 12061,

- 10599, 12061,

- 10600, 12061,

- 10601, 12061,

- 10602, 12061,

- 10603, 12061,

10604 12061,

10605 12061,

10606 12062,

10607 12062,

- 10608 12062,

- 10609 12062,

- 10610 12062,

- 10611 12062,

- 10612 12062,

- 10613 12062,

- 10614 12063,

- 10615 12063,

6011, 0.34108£-085

6021, 0.21298£-085

6030, 0.14313E-085

6040, 0.31921E-085

6050, 0.33778E-085

6060, 0.16186E-085

6070, 0.i1200E-085

9001, 0.12354E-075

9002, 0.13920E-075

500, 0.18299E-085

502, 0.19673E-085

6001, 0.34702E-08$

6011, 0.27501E-08S

6030, 0.27447E-085

6040, 0.34699E-08$

6050, 0.18169E-085

6060, 0.12794£-085

9001, 0.13554E-075

9002, 0.15337E-075

500, 0.23553E-085

502, 0.27067E-085

6001, 0 31980E-085

6011, 0 14425E-085

6020, 0 21228E-085

6030, 0 34113E-085

6040, 0 26714E-085

6050, 0 14570E-085

6060, 0 I0002E-08S

9001, 0 14789E-075

9002, 0 16847£-075

500, 0 30540E-085

502, 0 37042E-085

6001, 0 22388E-085

6010, 0 12938E-085

6020, 0 31368E-08$

6030, 0.34037E-085

6040, 0.16493E-085

6050, 0.I1436E-085

9001, 0.16125E-075

9002, 0.18457E-075

500, 0.39804E-085

502, 0.55646E-085

6010, 0.26695E-085

6020, 0.34774E-08S

6030, 0.18532E-085

6040, 0.13060E-085

9001, 0.12727E-07S

9002, 0.14745E-075

500, 0.52500E-08S

502, 0.59920E-085

6000, 0.17777E-085

6010, 0.33959E-085

6020, 0.27083£-085

6030, 0.14936E-08S

6040, 0.I0217E-085

9001, 0.13413E-075

9002, 0 13573E-07S

500, 0 68300E-085

502, 0 12112E-075

6000, 0 30516E-085

6010, 0 34477E-085

6020, 0 16935E-085

6030, 0 i1800E-085

9001, 0 12902E-075

9002, 0 12247E-075

500, 0 41728£-085

501, 0 29928£-085
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- 10616,

- 10617,

- 10618,

- 10619,

- 10620,

- 10621,

- 10622,

- 10623,

- 10624,

- 10625,

10626,

10627

10628

10629

10630

10631

- 10632

- 10633

- 10634

- 10635

- 10636

- 10637

- 10638

- 10639

- 10640

- 10641

- 10642

- 10643

- 10644

- 10645

- 10646,

- 10647,

- 10648,

- 10649,

- 10650,

- 10651

10652

10653

10654

10655

10656

10657

10658

10659

- 10660

- 10661

- 10662

- 10663

- 10664

- 10665

- 10666

- 10667

- 10668

- 10669

- 10670

- 10671

- 10672

- 10673

- 10674

- 10675

- 10676

- 10677

- 10678

- 10679

10680,

10681,

10682,

12063,

12063,

12064,

12064,

12064,

12064,

12065,

12065,

12065,

12065,

12066,

12066,

12066,

12066,

12067,

12067,

12067,

12067,

12067,

12068,

12068,

12068,

12068,

12068,

12069,

12069,

12069,

12069,

12069,

12070,

12071,

12072,

12072,

12073,

12073,

12074,

12074,

12074,

12075,

12075,

12076,

12076,

12077,

12077,

12077,

12078,

12078,

12078,

12078,

12079,

12079,

12079,

12079,

12079,

12079,

12079,

12080,

12080,

12080,

12080,

12080,

12080,

12080,

12081,

12081,

12081,

12081,

9000, 0 45103E-085

9001, 0

500, 0

501, 0

9000, 0

9001, 0

500, 0

501, 0

I0069E-075

52749E-085

35121E-085

46770E-085

I1202E-075

67462E-085

42763E-085

9000, 0.48068E-085

9001, 0.93639E-085

500, 0.87257E-085

501, 0.51990E-085

9000, 0.48044E-085

9001, 0.93301E-085

500, 0.I1398E-075

501, 0.62727E-085

502, 0.I0259E-085

9000, 0.34373E-085

9001, 0.96337E-085

500, 0.14990E-075

501, 0.74128E-085

502, 0.17424E-085

9000, 0.33467E-085

9001, 0.98268E-085

500, 0.19674E-075

501, 0 87940E-085

502, 0

9000, 0

9001, 0

9000, 0

9000, 0

500, 0

9000, 0

500, 0

9000, 0

500, 0

501, 0

30575E-085

17189E-085

96846E-085

20814E-085

16091E-085

98465E-095

12019E-085

12735E-085

12173E-085

16840E-085

97944E-095

9000, 0.12216E-085

500, 0.22050E-085

501, 0.I0795E-085

500, 0.28340E-085

501, 0.III05E-085

502, 0.29947E-075

9002, 0.62076E-085

9003, 0.16255E-085

12085, 0.75294E-095

502, 0.47794E-075

503, 0.82357E-085

9002, 0.18637E-O8S

500, 0.93745E-08$

502, 0.26556E-075

6000, 0 39120E-085

6010, 0

6020, 0

9001, 0

9002, 0

500, 0

502, 0

6000, 0

6010, 0

6020, 0

9001, 0

21326E-085

14930E-085

99186E-085

I1639E-075

87645E-085

41556E-075

36921E-085

16966E-085

I1386E-085

30094E-085

9002, 0.32396E-085

500, 0.28504E-075

501, 0.I0911E-075

502, 0.76710E-085

503, 0.22702E-085
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- 10608, 12062, 6000 0.30516E-085

- 10609, 12062, 6010

10610, 12062, 6020

10611, 12062, 6030

10612, 12062, 9001

10613, 12062, 9002

- 10614, 12063, 500

- 10615, 12063, 501

- 10616, 12063, 9000

- 10617 12063, 9001

- 10618 12064

- 10619 12064

- 10620 12064

- 10621 12064

10622 12065

10623 12065

- 10624 12065

- 10625 12065

- 10626, 12066

- 10627, 12066

- 10628, 12066

- 10629, 12066

- 10630, 12067

5OO

501

9000

9001

50O

501

9000

9001

50O

501

9000

9001

5OO

0.34477E-085

0.16935E-085

0.I1800E-085

0.12902E-075

0.12247E-075

0.41728E-085

0.28928E-085

0.45103E-085

0.I0069E-07$

0.52749E-085

0.35121E-085

0.46770E-085

0.I1202E-075

0.67462E-085

0.42763E-085

0.48068E-085

0.93639E-085

0.87257E-085

0.51990E-085

0.48044E-085

0.93301E-085

0.I1398E-075

- 10631, 12067

- 10632, 12067

10633, 12067

10634, 12067

10635, 12068

- 10636, 12068

- 10637, 12068

- 10638, 12068

501, 0.62727E-085

502, 0.I0259E-085

9000, 0.34373E-085

9001, 0.96337E-085

500, 0.14990E-07$

501, 0.74128E-085

502, 0.17424E-085

9000, 0.33467E-085

- 10639, 12068, 9001, 0.98268E-085

- 10640, 12069, 500, 0.19674E-075

- 10641, 12069, 501, 0.87940E-085

- 10642, 12069, 502, 0.30575E-08$

- 10643, 12069, 9000, 0.17189E-085

10644, 12069, 9001, 0.96846E-085

10645, 12070, 9000, 0.20814E-085

10646, 12071, 9000, 0.16091E-085

- 10647, 12072

- 10648, 12072

- 10649, 12073

- 10650, 12073

- 10651, 12074

- 10652, 12074

- 10653, 12074

- 10654, 12075

- 10655, 12075

- 10656, 12076

10657, 12076

10658, 12077

- 10659, 12077

- 10660, 12077

- 10661, 12078

- 10662, 12078

- 10663, 12078

- 10664, 12078

- 10665, 12079

- 10666, 12079

- 10667, 12079

10668, 12079, 6010

10669, 12079, 6020

10670, 12079, 9001

10671, 12079, 9002

500, 0.98465E-095

9000, 0.12019E-085

500, 0.12735E-08S

9000 0.12173E-085

500

501

9000

500

501

50O

501

5O2

9002

9003

12085

5O2

5O3

9002

500

5O2

6000

0.16840E-085

0.97944E-095

0.12216E-085

0.22050E-085

0.I0795E-08S

0.28340E-085

0.III05E-085

0.29947E-075

0.62076E-08$

0.16255E-085

0.75294E-095

0.47794E-075

0.82357E-085

0.18637E-085

0.93745E-085

0.26556E-075

0.39120E-085

0.21326E-085

0.14930E-085

0.99186E-08$

0.I1639E-075

3-3-35



- 10672 12080

- 10673 12080

- 10674 12080

- 10675 12080

- 10676 12080

- 10677 12080

- 10678 12080

- 10679 12081

10680 12081

10681, 12081,

10682, 12081,

10683, 12081,

10684, 12082,

10685, 12082,

10686, 12082,

10687, 12082,

10688 12083,

10689 12083,

10690 12083,

10691 12083,

10692 12083,

10693 12083,

10694 12084,

10695 12084,

10696 12084,

10697 12084,

10698 12084,

10699 12084,

10700 12084,

i070_ 12084,

10702 12001,

10703 12001,

10704 12002,

10705 12002,

10706 12003,

10707 12003,

10708 12004,

10709 12004,

10710 12005,

10711 12005,

10712 12005,

10713 12006,

10714 12006,

10715 12006,

10716 12007,

10717 12007,

10718 12007,

10719 12008,

10720 12008,

10721 12008,

10722 12009,

10723 12009,

10724 12010,

10725 12011,

10726 12011,

10727 12012,

10728 12013,

10729 12014,

10730 12014,

10731 12015,

10732 12015,

10733 12016,

10734 12016,

10735 12016,

500, 0.87645E-085

502, 0.41556E-075

6000, 0.36921E-085

6010, 0.16966E-085

6020, 0.11386E-08$

9001, 0.30094E-085

9002, 0.32396E-085

500, 0.28504E-075

501, 0.I0911E-075

502, 0.76710E-085

503, 0.22702E-085

9001, 0.41872E-085

500, 0.29985E-075

501, 0.80286E-085

502, 0.21523E-075

503, 0.27384E-085

12036, 0.33518E-085

12042, 0.21795E-085

500, 0.45399E-085

501, 0.93860E-085

502, 0.99919E-085

503, 0.18712E-075

12035, 0.33518E-085

12036, 0.64199E-085

12088, 0.78395E-095

12042, 0.40577E-085

500, 0.43838E-085

501, 0.82055E-085

502, 0.24345E-075

503, 0.23733E-075

9002, 0.24292E-085

9003, 0.37385E-085

9001, 0.II032E-085

9002, 0.11027E-085

9000, 0.37314E-085

9001, 0.24291E-08$

9000, 0.30587E-085

9003, 0.30587E-085

503, 0.19676E-085

9002, 0.86429E-085

9003, 0.15024E-075

503, 0.26252E-085

9002, 0.82890E-085

9003, 0.16791E-075

503, 0.30970E-085

9002, 0.56710E-085

9003, 0.15718E-075

503, 0.24703E-085

9002, 0.29100E-085

9003, 0.14649E-075

503, 0.20722E-085

9003, 0.14947E-075

9003, 0.72038E-085

503, 0.91857E-085

9003, 0.34612E-085

9001, 0.20788E-085

9001, 0.16090E-085

501, 0.98456E-095

9001, 0.12027E-085

501, 0.12734E-085

9001, 0.12184E-085

500, 0.97953E-095

501, 0.16838E-085

9001, 0.12232E-085
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- 10736

- 10737

- 10738

- 10739

- 10740

- 10741

- 10742

- 10743

- 10744

- 10745

- 10746

- 10747

- 10748,

- 10749,

- 10750,

- 10751,

- 10752,

- 10753

- 10754

10755

10756

10757

10758

- 10759

- 10760

- 10761

- 10762

- 10763

- 10764

- 10765,

- 10766,

- 10767,

- 10768,

- 10769,

- 10770,

- 10771,

- 10772,

- 10773,

- 10774

- 10775

- 10776

- 10777

- 10778

- 10779

- 10780

- 10781

- 10782

- i0783,

- 10784

- 10785

- 10786

- 10787

10788

10789

10790,

10791,

10792,

10793,

10794,

10795,

10796,

10797,

10798,

10799,

12017,

12017,

12018,

12018,

12019,

12019,

12019,

12019,

12020,

12020,

12020,

12020,

12021,

12021,

12021,

12021,

12022,

12022,

12022,

12022,

12023,

12023,

12023,

12023,

12023,

12024,

12024,

12024,

12024,

12024,

12025,

12025,

12025,

12025,

12025,

12026,

12026,

12026,

12026,

12G27,

12027,

12027,

12027,

12028,

12028,

12028,

12028,

12029,

12029,

12029,

12029,

12030,

12030,

12030,

12030

12031

12031

12031

12031

12032

12032

12032

12032

12033

500, 0.I0796E-085

501, 0.22047E-085

500, 0.III07E-085

501, 0.28335E-085

500, 0.28805E-085

501, 0.41680E-085

9000, 0.I0010E-075

9001, 0.44770E-085

500, 0.35000E-085

501, 0.52671E-085

9000, 0.II139E-075

9001, 0.46460E-085

500, 0 42630E-085

501, 0 67346E-085

9000, 0 92897E-085

9001, 0 47746E-085

500, 0 51861E-085

501, 0 87104E-085

9000, 0 92508E-085

9001, 0 47767E-085

500, 0 62599E-085

501, 0 I1380E-075

503, 0 I0126E-085

9000, 0 95422E-085

9001, 0.34138E-085

500, 0.73997E-085

501, 0.14964E-075

503, 0.17152E-085

9000, 0.96906E-085

9001, 0.33285E-085

500, 0.87822E-085

501, 0.19644E-075

503, 0.30202E-085

9000, 0.95231E-085

9001, 0.17084E-085

501, 0.14102E-085

503, 0.14509E-085

9000, 0.12013E-075

9003, 0.13543E-075

501, 0.17855E-085

503, 0.19454E-085

9000, 0.13195E-075

9003, 0.14942E-075

501, 0.22882E-085

503, 0.26788E-085

9000, 0.14384E-075

9003, 0.16404E-075

501, 0.29665E-085

503, 0.36614E-085

9000, 0.15682E-075

9003, 0.17975E-075

501, 0.38829E-085

503, 0.54959E-085

9000, 0 12242E-075

9003, 0 14217E-075

501, 0 51055E-085

503, 0 58412E-085

9000, 0 12673E-075

9003, 0 12779E-075

501, 0 66583E-085

503, 0 I1904E-075

9000, 0 12006E-075

9003, 0 I1294E-075

503, 0.29899E-075
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10800,

10801,

- 10802,

- 10803,

- 10804,

- 10805,

- 10806,

- 10807,

- 10808,

- 10809,

- 10810

- 10811

- 10812

- 10813

10814

10815

10816

- 10817

- 10818

- 10819

- 10820

- 10821

- 10822

- 10823

- 10824

- 10825

- 10826

- 10827

- 10828

- 10829

- 10830

- 10831

- 10832

10833

- 10834

- 10835

- 10836

- 10837

- 10838

- 10839

- 10840

- 10841,

- 10842,

- 10843,

- 10844,

- 10845,

- 10846,

- 10847

- 10848

- 10849

- 10850

- 10851

- 10852

10853

10854

10855

10856

10857,

- 10858

- 10859

- 10860

- 10861

- 10862

- 10863

12033, 9002, 0.16C_ ;}-_85

12033, 9003, 0.5998_-C8_

12034, 12041, 0.75258£-t95

12034,

12034,

12034,

12035,

12035,

12035,

12035,

12035,

12036,

12036,

12036,

12036,

12036,

12036,

12037,

12037,

12037,

12037,

12037,

12038,

12038,

12038,

12038,

12039,

12039,

12039,

12039,

12040,

12040,

12040,

12040,

12085,

12085,

12085,

12086,

12086,

12086,

12086,

12086,

12087,

12087,

12087,

12087,

12088,

12088,

12088,

12088,

12088

12041

12041

12042

12042

12042

12042,

12043,

12043,

12043,

12044,

12044,

500,

500,

502, 0.82404£-C85

503, 0.47750E-_75

9003, 0.16781E-085

12088, 0.21795E-085

500, 0.93893E-085

501, 0.45383E-085

502, 0.18718E-075

503, 0.99883E-085

12088, 0.40577E-O_$

12042, 0.78395E-095

500, 0.82092E-085

501, 0.43805E-085

502, 0.23740E-075

503, 0.24339E-075

500, 0.10901E-075

501, 0.28470E-075

502, 0.22686E-085

503, 0.76270E-085

9000, 0.40032E-085

500, 0.80247E-085

501, 0.29955E-075

502, 0.27437E-085

503, 0.21481E-075

501, 0.91945E-085

503, 0.26330E-075

9000, 0.89749E-085

9003, 0.I0642E-075

501, 0.86035E-085

503, 0.41349E-075

9000, 0.21665E-085

9003, 0.23512E-085

502, 0.25700E-075

503, 0.18789E-085

6000, 0.83691E-095

500, 0.19538E-085

502, 0.18446E-075

6000, 0.29131E-085

6010, 0.13830E-085

6020, 0.10084E-085

500, 0.81628E-085

501, 0.15811E-085

502, 0.18262E-075

6000, 0.82548E-095

12042, 0.31215E-085

500, 0.10514E-08$

501, 0.16856E-085

502, 0.20159E-075

503, 0.63577E-085

502, 0.18842E-085

503, 0.25653E-075

500, 0 16862E-085

501, 0 I0487E-085

502, 0 63596E-085

503, 0 20154E-075

500, 0 15758E-085

501, 0 81273E-085

503, 0.18216E-075

501, 0.18311E-085

503, 0.18283E-075

6000, 0.80455E-075

6010, 0.30077E-075
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- I0864_

- 10865,

- 10866,

- 10867,

- 10868,

- 10869,

- 10870,

- 10871,

- 10872

- 10873

10874

10875

10876

10877

10878

10879

10880

10881

10882

10883

10884

10885

10886

10887

- 10888

10889

- 10890

- 10891

- 10892

- 10893

- 10894

- 10895

- 10896

- 10897

- 10898

- 10899

- 10900

- 10901

- 10902

- 10903

- 10904

- 10905

- 10906,

- 10907,

- 10908,

- 10909,

- 10910,

- 10911,

- 10912,

- 10913,

- 10914,

- 10915,

- 10916,

- 10917,

- 10918,

- 10919,

- 10920

- 10921

- 10922

- 10923

- 10924

- 10925

- 10926

- 10927

500,

500,

501,

501,

501,

501,

501,

501,

501,

501,

502,

502,

502,

1029,

1029,

1030,

1030,

1030,

1030,

1030,

1030,

1030,

1030,

1030,

1031,

1031,

1032,

1032,

6000,

6000,

6000,

6000,

6001,

6001,

6001,

6010,

6010,

6010,

6010,

6011,

6011,

6011,

6011,

6020,

6020,

6020,

6020,

6021,

6021,

6021,

6021,

6030,

6030,

6030,

6030,

6031,

6031,

6031,

6031,

6040,

6040,

6040,

6040,

6041,

6020, 0.29042E-075

6030, 0.26627E-075

6000, 0.18200E-075

6010, 0.18750E-075

6020, 0.18212E-075

6030, 0.18984E-075

6040, 0.15874E-075

6050, 0.15181E-075

6060, 0.14242E-075

6070, 0.13204E-075

6000, 0.I1647E-065

6010, 0.40270E-075

6030, 0.91104E-085

9002, 0.15730E-085

9003, 0.15823E-085

6021, 0.12956E-085

6031, 0.15979E-085

6041, 0.12702E-085

6060, 0.18555E-085

6070, 0.30279E-08$

6080, 0.33835E-085

6090, 0.19033E-085

9001, 0.17015E-085

9002, 0.17258E-085

9000, 0 15675E-085

9001, 0 15675E-085

9000, 0 15302E-085

9003, 0 15302E-085

9000, 0 16120E-075

9001, 0 44637E-065

9002, 0 46602E-065

9003, 0 28615E-075

6010, 0 42815E-065

9001, 0 23597E-075

9002, 0 26109E-075

9000, 0 19512E-075

9001, 0 13920E-065

9002, 0 15401E-065

9003, 0 42856E-075

6020, 0 42814E-065

9001, 0 20511E-075

9002, 0 22193E-075

9003, 0 93429E-085

9000, 0 43415E-075

9001, 0.12113E-065

9002, 0.13104E-065

9003, 0.55316E-075

6030, 0.42814E-065

9001, 0.16120E-075

9002, 0.17434E-075

9003, 0.91993E-085

9000, 0.47775E-075

9001, 0.95345E-075

9002, 0.I0311E-065

9003, 0.54502E-075

6040, 0.42813E-065

9001, 0.12515E-075

9002, 0.13891E-075

9003, 0.95162E-085

9000, 0.46844E-075

9001, 0.74130E-075

9002, 0.82284E-075

9003, 0.56417E-075

6050, 0.42813E-065
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- lo72e,
- 10929,

- 10930,

- 10931,

- 10932,

- 10933

10934

10935

10936

10937

- 10938

- 10939

- 10940

- 10941

- 10942,

- 10943,

- 10944,

- 10945,

- 10946,

- 10947,

- 10948,

- 10949,

- 10950,

- 10951,

- 10952,

10953,

10954,

10955,

- 10956,

- 10957,

- 10958,

- 10959,

- 10960,

- 10961,

- 10962,

- 10963,

- 10964,

- 10965,

- 10966,

- 10967,

- 10968,

- 10969,

- 10970,

- 10971,

- 10972,

10973,

10974,

10975,

10976,

10977,

10978,

10979,

10980,

10981,

10982

10983

10984

10985

10986

10987

10988

10989

10990

10991

6041,

6041,

6041,

6050,

6050,

6050,

6050,

6051,

6051,

6060,

6060,

6060,

6060,

6061,

6061,

6061,

6070,

6070

6070

6070

6071

6071

6080

6080

6080

6080

6081

6090

6090

6090

6090

8000

8005

8010

8015

8020

8025

8030

8035

1021

1022

1023

1024,

i001,

1002,

1003,

1004,

1005,

1006,

1007,

1008,

1009,

1010,

1011,

1012,

1013,

1014,

1015,

1016,

1017,

1018,

1019,

I020,

1033,

9001, 0.I0656E-075

9002, 0 I1560E-075

9003, 0 87464E-085

9000, 0 43353E-075

9001, 0 63178E-075

9002, 0 68535E-075

9003, 0 51866E-075

6060, 0 42813E-065

9002, 0.83765E-085

9000 0.44080E-075

9001 0.43867E-075

9002 0.49675E-075

9003 0.46807E-075

6070 0.42813E-06$

9002 0.82983E-085

9003 0.88056E-08$

9000 0.35255E-075

9001 0.42085E-075

9002 0.49212E-075

9003 0.52220E-075

6080 0.42813E-065

9003 0.86311E-08$

9000 0.35158E-075

9001 0._I075E-07$

9002 0.37619E-075

9003 0.51185E-075

6090 0.42812E-065

9000, 0.27970E-07$

9001 0.21848E-O7S

9002 0.21848E-075

9003 0.43045E-075

9999 0.17413E-065

9999 0.40004E-06$

9999 0.20203E-065

9999 0.21062E-065

9999 0.12398E-065

9999 0.11555E-065

9999 0.35690E-075

9999 0.14175E-075

9999 0.19942E-065

9999 0.16519E-06$

9999 0 19472E-065

9999 0 18207E-06$

9999 0 49493E-065

9999 0 52289E-065

9999 0 52827E-065

9999 0 54942E-065

9999 0 23122E-06$

9999 0.29022E-065

9999 0.30648E-065

9999 0.32741E-065

9999 0.81464E-075

9999 0.10300E-065

9999, 0.13455E-065

9999 0.22563E-065

9999 0.23149E-065

9999 0.29033E-065

9999 0.30659E-065

9999 0.32754E-065

9999 0.73924E-065

9999 0.45699E-065

9999 0.59714E-065

9999 0.48171E-06$

9999 0.35889E-075
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i0992_

10993,

10994,

10995,

10996,

10997,

10998,

10999,

II000,

ii001

11002

11003

11004

11005

11006

11007

11008

11009

Ii010

ii011

11012

11013

11014

11015

11016

11017

11018

11019

11020

11021,

11022,

11023

11024

11025

11026

11027

11028

11029

11030

11031

11032

11033,

11034,

11035,

11036,

11037,

11038,

11039,

11040,

11041,

11042,

11043,

11044,

11045,

11046,

11047

11048

11049

11050

11051

11052

11053

11054

11055

1034,

1035,

1036,

1025,

1026,

1027,

1028,

1037,

12045,

12046,

12047

12048

12049

12050

12051

12052

12053

12054

12055

12056

12057

12058,

12059,

12060,

12061,

12062,

12063,

12064,

12065,

12066,

12067,

12068,

12069,

12070,

12071,

12072,

12073,

12074

12075

12076

12077

12078

12079

12080

12081

12082

12083

12084,

12001

12002

12003

12004

12005

12006

12007

12008

12009

12010,

12011,

12012,

12013,

12014,

12015,

12016,

9999,

9999,

9999,

9999,

9999,

9999,

9999,

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999,

9999,

9999,

9999,

9999,

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999,

9999,

9999,

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999

9999,

9999,

9999,

0.77993E-07$

0.14644E-065

0.78405E-075

0.52834E-065

0.47750E-065

0.52390E-065

0.53291E-065

0.34909E-075

0.I0653E-065

0.I0839E-065

0.I0666E-06$

0.48480E-075

0.13697E-065

0.12867E-065

0 12639E-065

0 I1832E-065

0 I0427E-065

0 79705E-075

0 44507E-075

0 13848E-065

0 13736E-065

0 13526E-065

0.13330E-065

0.13929E-06$

0.13476E-065

0.12201E-065

0.14779E-065

0.14532E-065

0.14518E-065

0.14252E-065

0.13963E-065

0.13402E-065

0.12823E-065

0.48010E-075

0.40969E-075

0.38191E-075

0.33613E-075

0 25298E-075

0 27593E-075

0 30965E-075

0 52113E-075

0 I0861E-065

0 13144E-065

0 14362E-065

0 14521E-065

0 14137E-065

0.45982£-075

0.84337E-075

0.II020E-065

0.48690E-075

0.II032E-06S

0.12510E-065

0.14101E-065

0.13232E-065

0.12981E-065

0.12122E-065

0.I0688E-065

0.82340E-075

0.47055E-075

0.48254E-07S

0.41031E-075

0.38193E-075

0.33615E-07$

0.25301E-07S
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- 11056, 12017,

- 11057, 12018,

- 11058, 12019,

- 11059, 12020,

- 11060, 12021,

- 11061, 12022,

- 11062, 12023

- 11063, 12024

- 11064, 12025

- 11065, 12026

11066, 12027

11067, 12028

11068, 12029

11069, 12030

11070, 12031

11071, 12032

11072, 12033

11073, 12034,

11074 12035,

iI07_ 12036,

- 11076 12037,

11077 12038,

- 11078 12039,

- 11079 12040,

- 11080 12085,

- 11081 12086,

- 11082 12087,

- 11083, 12088,

- 11084, 12041,

- 11085, 12042,

- 11086, 12043,

- 11087, 12044,

- 11088, 500,

- 11089, 501,

- 11090 502,

- 11091 503,

- 11092 1029,

- 11093 1030,

- 11094 1031,

- 11095 1032,

- 11096 6000,

- 11097 6001,

- 11098 6010,

- 11099 6011,

- iii00 6020,

- iii01, 6021,

- 11102 6030,

- 11103 6031,

- 11104 6040,

- 11105 6041,

- 11106 6050,

- 11107 6051,

- 11108 6060,

- 11109 6061,

IIii0 6070,

iiiii 6071,

11112 6080,

11113 6081,

- 11114 6090,

- 11115 6091,

- 11116 9000,

- 11117, 9001,

- 11118, 9002,

- 11119, 9003,

9999, 0.27598E-075

9999, 0.30976E-075

9999, 0.15183E-065

9999, 0.14896E-065

9999, 0.14859E-065

9999, 0.14541E-065

9999, 0.14224E-065

9999, 0.13666E-065

9999, 0.13068E-065

9999, 0.16253E-065

9999, 0.15904E-065

9999, 0.15510E-065

9999, 0.15045E-065

9999, 0.15395E-065

9999, 0.14984E-065

9999, 0.13644E-065

9999, 0.54690E-075

9999, 0.II033E-065

9999 0.45938E-075

9999 0.84327E-075

9999 0.14751E-065

9999 0.14296E-065

9999 0.14390E-065

9999 0 15386E-065

9999 0 96500E-075

9999 0 I1523E-065

9999 0 I0822E-065

9999, 0 79447E-075

9999, 0 98542E-075

9999, 0 79520E-075

9999, 0 II023E-065

9999, 0 12277E-065

9999, 0 64731E-055

9999, 0 65189E-055

9999, 0 63885E-055

9999, 0 65577E-055

9999, 0.24329E-065

9999, 0.22834E-065

9999, 0.24329E-065

9999, 0.24705E-065

9999, 0.42908E-065

9999, 0.10334E-055

9999, 0.65274E-065

9999, 0.I0432E-055

9999, 0.68734E-065

9999, 0.I0583E-055

9999, 0.73858E-065

9999, 0.10799E-055

9999, 0.82143E-065

9999, 0.I0921E-055

9999, 0.85311E-065

9999, 0.11026E-055

9999 0.89856E-065

9999 0.II055E-055

9999 0.91461E-065

9999 0.II131E-055

9999 0.95976E-06$

9999 0.I1211E-055

9999 0.I0074E-055

9999 0.16445E-055

9999 0.82970E-045

9999, 0.81940E-045

9999, 0.81946E-045

9999, 0.82929E-045
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C

END

BCD 3CONSTANTS DATA

C

GEN

NDIM-IO0000

TIMEO-O.

ARLXCA-0.05

DRLXCA'0.05

NLOOP-16OO

DAMPA-0.02

DAMPD'O.02

BALENG-.01

3 ,85.76

8 , 180.

9,0.

10,32.

ii 0.

12 O.

13 0.

14 0.

15 5, I, 0.

20 0.0

21 0.0

22 I.

23 0.

28 O.

29 0.

32 0.

33 0.

34 0.

35 O.

36,0.

37,1

38,1

39,0

40,0

41,0

42,0

46,0 0

47,49.

57,40.0

66, i00.

ITEST, 3

KTEST, 1

RTEST, 0

$ ....

$ ....

$ ....

$ ....

$ ....

$ ....

$ ....

$ ....

$ ....

AMB RELATIVE HUMIDITY - PERCENT

WIND DIRECTION

CLOUD FACTOR 0=CLEAR 1=OVERCAST

START FREEZING TEMP

CONDUCTION HEAT OF ET

HEAT BALANCE

ICE RATE

LATENT HEAT

ICE ACCUMULATION

FIXED HEAT TRANSFER COEFFICIENT

$ .... ORBITER VIEW FACTOR

$ .... DEW POINT TEMP.

$ .... T SKY

$ .... FREE CONV. COEF.

$ .... FORCE CONV. COEF.

$ .... ISS TEMPERATURE BOOST

$ .... AMBIENT TEMPERATURE

$ .... BACK FACE TEMP OTHER THAN LH2 OR LO2

$ .... NAT-l, FOR-2, NAT/FOR=3

71,0.0

GEN 80,9,1,0.0

89,0.0

91,0.

92,0.

93, 0.

RADIATION OF ET(FOR ICE)

GEN 171,7,1,0.

GEN 181,7,1,0.

260, 0.

261,0.

262,1.0

C ORBITER

$ WIND SPEED (KNOTS)

$ T AVERAGE

$ QTEST

$ WIND DIRECTION

$ WIND SPEED

/FORCED
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300, 1128.63

301, 1252.71

302, 158.248

303, 277.764

304, 333.859

305, 217.916

306, 153.287

307, 77.5753

C SOFI THICKNESS NODES

GEN 401,37,1,1.0

C

C A/L OF ET

GEN 451,16,1,1.0

GEN 467,4,1,1.0

GEN 471,4,1,1.0

GEN 475,4,1,1.0

GEN 479,4,1,1.0

GEN 483,4,1,1.0

487,1.0

C VOLUME OF ET

GEN 501,16,1,1.0

GEN 517,4,1,I.0

GEN 521,4,1,1.0

GEN 525,4,1,1.0

GEN 529,4,1,1.0

GEN 533,4,1,1.0

537,1.0

C VOLUME OF ET SURFACE NODES

GEN 551,16,1,i.0

GEN 567,4,1,1.0

GEN 571,4,1,1.0

GEN 575,4,1,1.0

GEN 579,4,1,1.0

GEN 583,4,1,I.0

587,1.0

C

C*** TEMP. FOR ET***"*****

C LH2 BARREL

GEN 601,16,1,-423.0

C

C

INTERTANK

GEN 617,4,1,55.0

LOX BARREL

GEN 621,4,1,-297.0

AFT (9GIVE

GEN 625,4,1,-297.0

FWD OGIVE

GEN 629,4,1,-297.00

AFTDOME

GEN 633,4,1,-423.00

C

C NOSECAP

637,80.0

C A/L OF SURFACE NODE

GEN 651,16,1,1.0

GEN 667,4,1,1.0

GEN 671,4,1,1.0

GEN 675,4,1,1.0

GEN 679,4,1,1.0

$ MAIN FUSELAGE

$ UPPER WING

$ PORT AND STARBOARD REAR WING

$ " .... UPPER WING

$ TAIL

$ BODY FLAP

$ AFT NOSE

$ FWD NOSE
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GEN 683,4,1,1.0

687,1.0

GEN 700,27,1,0.

GEN 730,33,1,0.

GEN 765,33,1,0.

GEN 801,37,1,0.

C SOFI THERM COND Y-INTERCEPT

GEN 901,32, 1,0.00168

GEN 933,4,1,0.0021

937,0.023

C SLOPE OF K CURVE

GEN 951,32,1,2.452E-05

GEN 983,4,1,3.164E-05

987,5.833E-05

GEN 1001,125,1,0.0

C *"" ET NODES AREA _*******

C LH2 BARREL

GEN 1201,16,1,411.86

C

C

C

C

C

C

C

INTERTANK

GEN 1217,4,1,538.13

LOX BARREL

GEN 1221,4,1,142.165

AFT OGIVE

GEN 1225,4,1,238.764

FWD OGIVE

GEN 1229,4,1,155.326

AFTDOME

GEN 1233,4,1,233.946

NOSECAP

1237,23.292

RSRB NODES AREA

GEN 1238,4,1,85.143

GEN 1242,28,1,123.917

GEN 1270,8,1,138.836

GEN 1278,4,1,94.947

LSRB NODES AREA

GEN 1282,4,1,85.143

GEN 1286,28,1,123.917

GEN 1314,8,1,138.836

GEN 1322,4,1,94.947

C

GEN 1351,125,1,0.0

*****************************

GEN 2001,125,1,0.

GEN 2151,24,1,27.60

GEN 2175,4,1,25.60

GEN 2179,4,1,13.8

$ ET RAD

$ CPR488

$ NCFI 2265

$ SLA-561

$ CPR488

$ NCFI 2265

$ SLA-561

$ LOCAL WIND (FT/S)

$ WIND FACTOR

$ ET & SRB TEMP.

$ET TANK DiAMETER-FT
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GEN 2183,4,1,27.60

2187, 4.20

GEN 2188,4,1,6.66

GEN 2192, 36, I, 12.16

GEN 2228,4,1,14.0

GEN 2232,4,1,6.66

GEN 2236,36,1,12.16

GEN 2272, 4, i, 14.0

GEN 2301,125, 1,0.

GEN 3001,37,1,0.

C RADIATION CONDUCTOR

GEN 5001,7, 1,0.

GEN 5011,5,1,0.

GEN 5021,5,1,0.

GEN 5031, 5, 1,0.

GEN 5041,15,1,0.

GEN 5061,16,1,0.

GEN 5081, 14,1,0.

GEN 5101, 15, 1,0.

GEN 5121,15,1,0.

GEN 5141, 13, 1,0.

GEN 5161,10,1,0.

GEN 5181,7,1,0.

GEN 5201,15,1,0.

GEN 5221, 16,1,0.

GEN 5241, 14,1,0.

GEN 5261,15,1,0.

GEN 5281,7,1,0.

GEN 5301,15,1,0.

GEN 5321,7,1,0.

GEN 5331, 13, 1,0.

GEN 5401,5, 1,0.

GEN 5411,13, 1,0.

GEN 5431, 3,1,0.

GEN 5441, 7, i, 0.

GEN 5451,3,1,0.

GEN 5461,14,1,0.

GEN 5481, 3,1,0.

GEN 5491,6,1,0.

GEN 5501,3,1,0.

GEN 5511,10,1,0.

GEN 5531, 3,1,0.

GEN 5541, 3,1,0.

GEN 5551,25,1,0.

GEN 5601,21,1,0.

GEN 5631,19,1,0.

GEN 5651,21,1,0.

GEN 5681, 2,1,0.

CONVECTION COEFFICIENT

GEN 6001,37,1,0.

$ RSRB TANK DIAMETER

$ LSRB TANK DIAMETER

$ CONDENSATION RATE

END

BCD 3ARRAY DATA

i$ TIME ARRAY

0.000E+00, 0.100E+01, 0.200E+01, 0.300E÷OI, 0.400E+01, 0.500E+015

0.600E+OI, 0.700E+01, 0.800E+01, 0.900E+OI, 0.100E+02, 0.110E+025

0.120E+02, 0.130E+02, 0.140E+02, 0.150E+02, 0.160E+02, 0.170E+025

0.180E+02, 0.190E+02, 0.200E+02, 0.210E+02, 0.220E+02, 0.230E+025

0.240E+02

ENDS
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0.743E+04, 0.140E+05, 0.151E÷05, 0.165E+04, 0.900E+03, 0.456E+04$

0.363E+04, 0.311E-06, 0.398E-06, 0.177E-08, 0.121E-09, 0.327E-I0$

0.803E-II

ENDS

18$ HEAT RATE ARRAY

0.136E-I0, 0.940E-II, 0.236E-I0, 0.220E-08, 0.661E-08, 0.242E-08S

0.167E+01, 0.298E+03, 0.131E+04, 0.226E+04, 0.243E+04, 0.215E+045

0.856E+04, 0.153E+05, 0.161E+05, 0.234E+04, 0.126E+04, 0.414E÷04$

0.363E+04, 0.308E-06, 0.395E-06, 0.269E-06, 0.132E-09, 0.474E-I05

0.136E-I0

ENDS

19$ HEAT RATE ARRAY

0.192E-I0, 0.139E-I0, 0.325E-I0, 0.905E-08, 0.547E-08, 0.987E-09$

0.137E+01, 0.268E+03, 0.124E+04, 0.215E+04, 0.234E_04, 0.210E+045

0.843E+04, 0.155E+05, 0.161E+05, 0.226E+04, 0.121E+04, 0.446E+045

0.354E+04, 0.307E-06, 0.394E-06, 0.357E-06, 0.225E-09, 0.617E-I0$

0.192E-I0

ENDS

20$ HEAT RATE ARRAY

0.543E-I0, 0.246E-I0, 0.942E-I0, 0.362E-09, 0.267E-07, 0.321E-07S

0.231E+02, 0.278E+04, 0.925E+04, 0.137E+05, 0.842E+04, 0.247E+04$

0.110E+04, 0.452E+04, 0.I02E+05, 0.I07E+05, 0.217E+03, 0.I16E+045

0.I18E+04, 0.321E-07, 0.267E-07, 0.110E-08, 0.831E-09, 0.227E-09$

0.543E-I0

ENDS

21$ HEAT RATE ARRAY

0.108E-09, 0.715E-I0, 0.176E-09, 0.I06E-08, 0.264E-07, 0.322E-075

0.233E+02, 0.276E+04, 0.920E+04, 0.136E+05, 0.I06E+05, 0.321E+04$

O.101E+04, 0.591E+04, 0.129E+05, 0.I08E+05, 0.204E+03, 0.921E+03$

0.932E+03, 0.305E-07, 0.264E-07, 0.158E-08, 0.983E-09, 0.353E-09$

0.I08E-09

ENDS

22$ HEAT RATE ARRAY

0.168E-09, 0.128E-09, 0.268E-09, 0.156E-08, 0.234E-07, 0.308E-07$

0.234E+02, 0.279E+04, 0.947E+04, 0.141E÷05, 0.127E+05, 0.547E+04$

0.536E+04, 0.101E+05, 0.155E+05, 0.121E+05, 0.439E+03, 0.101E+04S

0.936E+03, 0.283E-07, 0.234E-07, 0.186E-08, 0.I09E-08, 0.526E-09S

0.168E-09

ENDS

235 HEAT RATE ARRAY

0.226E-09, 0.177E-09, 0.366E-09, 0.136E-C8, 0.171E-07, 0.266E-07$

0.226E+02, 0.275E+04, 0.955E+04, 0.143E+05, 0.138E÷05, 0.842E+04$

0.131E+05, 0.155E+05, 0.168E+05, 0.I14E+05, 0.534E+03, 0.147E+04$

0.902E+03, 0.251E-07, 0.171E-07, 0.150E-08, 0.I09E-08, 0.701E-09$

0.226E-09

ENDS

24$ HEAT RATE ARRAY

0.182E-I0, 0.138E-10, 0.314E-I0, 0.179E-09, 0.401E-06, 0.315E-06$

0.729E+02, 0.693E+04, 0.176E+05, 0.211E+05, 0.134E+05, 0.855E+045

0.734E+04, 0.343E+04, 0.219E+04, 0.179E+04, 0.986E+03, 0.462E+035

0.121E+03, 0.990E-08, 0.956E-08, 0.171E-09, 0.967E-I0, 0.444E-I0$

0.182E-I0

ENDS

25$ HEAT RATE ARRAY

0.143E-I0, O.II2E-IO, 0.249E-I0, 0.164E-08, 0.398E-06, 0.311E-065

0.720E+02, 0.682E+04, 0.172E+05, 0.204E+05, 0.127E+05, 0.797E+04$

0.751E+04, 0.279E+04, 0.172E+04, 0.139E+04, 0.784E+03, 0.335E+03S

0.815E+02, 0.464E-08, 0.870E-08, 0.218E-09, 0.732E-I0, 0.350E-I05

0.143E-I0

ENDS

26$ HEAT RATE ARRAY

0.154E-I0, 0.128E-I0, 0.274E-I0, 0.269E-06, 0.395E-06, 0.309E-065

0.720E+02, 0.689E+04, 0.176E÷05, 0.211E+05, 0.135E+05, 0.858E+04$

0.868E+04, 0.408E+04, 0.271E+04, 0.195E+04, 0.102E+04, 0.419E+03$

0.829E+02, 0.223E-08, 0.654E-08, 0.220E-08, 0.660E-I0, 0.349E-I05

0.154E-I0

ENDS
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27$ HEAT RATE ARRAY

0.132E-I0, 0.112E-IO, 0.120E-09, 0.357E-06, 0.394E-06, 0.307E-O6S

0.717E+02, 0.686E+04, 0.176E+05, 0.210E+05, 0.134E+05, 0.862E+O4S

0.853E+04, 0.399E+04, 0.270E+04, 0.190E+04, 0.959E+03, 0.390E+O3S

0.702E+02, 0.898E-09, 0.539E-08, 0.903E-08, 0.532E-I0, 0.288E-I0$

0.132E-I0

ENDS

28$ HEAT RATE ARRAY

0.397E-09, 0.294E-09, 0.110E-06, 0.673E-06, 0.587E-06, 0.498E-06S

0.820E+02, 0.653E+04, 0.142E+05, 0.125E+05, 0.692E+04, 0.297E+04$

0.576E+04, 0.513E+04, 0.667E÷04, 0.311E+04, 0.174E+04, 0.974E+04$

0.433E+04, 0.498E-06, 0.587E-06, 0.673E-06, 0.110E-06, 0.975E-OgS

0.397E-09

ENDS

29$ HEAT RATE ARRAY

0.197E-08, 0.143E-08, 0.313E-08, 0.153E-07, 0.747E-08, 0.I09E-08S

0.163E+01, 0.340E+03, 0.160E+04, 0.278E+04, 0.320E+04, 0.426E+O4S

0.134E+05, 0.310E+05, 0.330E+05, 0.299E+04, 0.160E+04, 0.491E+045

0.473E+04, 0.524E-06, 0.500E-06, 0.467E-06, 0.776E-07, 0.384E-O8S

0.197E-08

ENDS

30S HEAT RATE ARRAY

0.410E-09, 0.304E-09, 0.664E-09, 0.I18E-08, 0.444E-08, 0.812E-07$

0.254E+02, 0.368E+04, 0.128E+05, 0.197E+05, 0.196E+05, 0.153E+05$

0.303E+05, 0.282E+05, 0.238E+05, 0.160E+05, 0.137E+04, 0.197E+04S

0.846E+03, 0.623E-07, 0.445E-08, 0.129E-08, 0.131E-08, 0.100E-OSS

0.410E-09

ENDS

315 HEAT RATE ARRAY

0.152E-I0, 0.130E-10, 0.731E-07, 0.463E-06, 0.497E-06, 0.523E-06S

0.942E+02, 0.I04E+05, 0.334E+05, 0.382E+05, 0.330E+05, 0.170E+05$

0.135E+05, 0.800E+04, 0.378E+04, 0.244E+04, 0.122E+04, 0.492E+03S

0.838E+02, 0.195E-09, 0.454E-08, 0.I12E-07, 0.597E-I0, 0.320E-I0$

0.152E-I0

ENDS

32$ HEAT RATE ARRAY

0.153E-I0, 0.111E-10, 0.252E-I0, 0.977E-I0, 0.522E-08, 0.185E-07$

0.822E+01, 0.956E+03, 0.305E+04, 0.439E+04, 0.416E+04, 0.351E+04$

0.693E+04, 0.601E+04, 0.429E+04, 0.332E+04, 0.154E+04, 0.869E+03S

0.433E÷03, 0.185E-07, 0.523E-08, 0.327E-09, 0.128E-09, 0.412E-I0$

0.153E-I0

ENDS

33$ HEAT RATE ARRAY

0.972E-II, 0.741E-II, 0.181E-IO, 0.125E-09, 0.232E-08, 0.354E-07$

0.679E+01, 0.761E+03, 0.311E+04, 0.509E+04, 0.517E+04, 0.435E+04$

0.932E+04, 0.737E+04, 0.622E+04, 0.426E+04, 0.243E+04, 0.I18E+04$

0.123E+04, 0.154E-06, 0.181E-06, 0.480E-09, 0.154E-09, 0.302E-I0$

0.972E-II

ENDS

34$ HEAT RATE ARRAY

0.313E-i0, 0.242E-I0, 0.563E-I0, 0.298E-09, 0.211E-06, 0.184E-06$

0.241E+02, 0.177E+04, 0.510E+04, 0.753E÷04, 0.776E+04, 0.622E+04$

0.121E+05, 0.929E+04, 0.680E÷04, 0.576E+04, 0.326E+04, 0.264E+04$

0.127E+04, 0.184E-06, 0.211E-06, 0.613E-09, 0.232E-09, 0.777E-lOS

0.313E-I0

ENDS

35S HEAT RATE ARRAY

0.313E-I0, 0.242E-I0, 0.524E-10, 0.205E-09, 0.181E-06, 0.154E-065

0.233E+02, 0.217E+04, 0.538E+04, 0.758E+04, 0.651E+04, 0.491E+04$

0.933E+04, 0.758E+04, 0.508E+04, 0.395E+04, 0.202E+04, 0.IIIE+04$

0.357E+03, 0.354E-07, 0.223E-08, 0.297E-09, 0.158E-09, 0.719E-I0$

0.313E-I0

ENDS

365 HEAT RATE ARRAY

0.602E-09, 0.526E-09, 0.901E-09, 0.965E-09, 0.697E-09, 0.396E-07$

0.175E+02, 0.274E÷04, O.IIOE+05, 0.182E+05, 0.200E+05, 0.174E+05$

0.340E+05, 0.321E+05, 0.244E+05, 0.123E+05, 0.591E+03, 0.945E+03S
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0.755E+03, 0.396E-07, 0.703E-09, 0.999E-09, 0.I05E-08, 0.878E-095

0.602E-09

ENDS

375 HEAT RATE ARRAY

0.346E-08, 0.292E-08, 0.522E-08, 0.651E-08, 0.426E-08, 0.125E-08S

0.791E+00, 0.160E+03, 0.740E+03, 0.125E+04, 0.136E+04, 0.218E+04S

0.177E+05, 0.355E+05, 0.457E+05, 0.137E+04, 0.790E+03, 0.852E+04S

0.712E+04, 0.709E-06, 0.590E-06, 0.446E-06, 0.298E-06, 0.520E-085

0.346E-08

ENDS

385 HEAT RATE ARRAY

0.602E-09, 0.526E-09, 0.396E-06, 0.371E-06, 0.345E-06, 0.313E-06$

0.559E+02, 0.482E+04, 0.I16E+05, 0.117E+05, 0.728E+04, 0.304E+04S

0.218E+04, 0.561E+04, 0.885E+04, 0.121E+04, 0.662E+03, 0.596E+04$

0.295E+04, 0.313E-06, 0.345E-06, 0.371E-06, 0.396E-06, 0.878E-09$

0.602E-09

ENDS

395 HEAT RATE ARRAY

0.490E-II, 0.432E-II, 0.292E-06, 0.440E-06, 0.586E-06, 0.708E-065

0.153E+03, 0.155E+05, 0.431E+05, 0.507E+05, 0.372E+05, 0.191E+05$

0.176E+05, 0.387E+04, 0.135E+04, 0.860E+03, 0.425E+03, 0.170E+03$

0.298E+02, 0.133E-10, 0.204E-09, 0.817E-09, 0.174E-I0, 0.101E-I05

0.490E-II

ENDS

40$ HEAT RATE ARRAY

0.879E-I0, 0.968E-I0, 0.303E-08, 0.630E-08, 0.947E-08, 0.132E-07$

0.332E+01, 0.398E+03, 0.133E+04, 0.196E+04, 0.204E+04, 0.167E+04$

0.319E+04, 0.308E+04, 0.250E+04, 0.181E+04, 0.448E+01, 0.203E+015

0.160E+03, 0.132E-07, 0.947E-08, 0.630E-08, 0.303E-08, O.ll0E-09S

0.879E-I0

ENDS

41$ HEAT RATE ARRAY

0.712E-I0, 0.583E-I0, O.IIIE-09, 0.153E-09, 0.I13E-09, 0.539E-I0$

0.345E-01, 0.711E+01, 0.339E+02, 0.599E+02, 0.709E+03, 0.154E+045

0.299E+04, 0.285E+04, 0.218E+04, 0.565E+02, 0.288E+02, 0.159E+03$

0.533E+02, 0.261E-08, 0.411E-09, 0.418E-09, 0.294E-09, 0.136E-095

0.712E-I0

ENDS

42$ HEAT RATE ARRAY

0.240E-09, 0.182E-09, 0.383E-09, 0.567E-09, 0.403E-09, 0.123E-095

0.446E-01, 0.882E+01, 0.398E+02, 0.687E+02, 0.733E+02, 0.383E+03S

0.195E+04, 0.306E+04, 0.139E+04, 0.756E+02, 0.445E+02, 0.742E+03$

0.461E+03, 0.441E-07, 0.356E-07, 0.248E-07, 0.137E-07, 0.517E-095

0.240E-09

ENDS

435 HEAT RATE ARRAY

0.712E-I0, 0.583E-I0, 0.I15E-09, 0.191E-07, 0.443E-08, 0.366E-IOS

0.364E-01, 0.831E+01, 0.368E÷02, 0.609£+02, 0.726E+02, 0.413E+035

0.912E+03, 0.933E+03, 0.I00E+03, 0.587E+02, 0.324E+02, 0.227E+03$

0.182E+03, 0.194E-07, 0.201E-07, 0.202E-07, 0.186E-07, 0.136E-09S

0.712E-I0

ENDS

44S HEAT RATE ARRAY

0.722E-II, 0.536E-II, 0.I17E-10, 0.419E-I0, 0.219E-I0, 0.585E-II$

0.155E-01, 0.379E+01, 0.175E+02, 0.297E+02, 0.710E+02, 0.I05E+04$

0.193E+04, 0.732E+03, 0.134E+03, 0.243E÷02, 0.124E+02, 0.156E+025

0.173E+02, 0.177E-08, 0.158E-08, 0.145E-08, 0.555E-09, 0.133E-I0$

0.722E-II

ENDS

45$ HEAT RATE ARRAY

0.644E-I0, 0.456E-I0, 0.I09E-09, 0.258E-09, 0.321E-09, 0.372E-09$

0.292E+00, 0.570E+02, 0.268E+03, 0.472E÷03, 0.658E+03, 0.203E+045

0.404E+04, 0.377E+04, 0.320E÷04, 0.448E+03, 0.228E+03, 0.969E+025

0.944E+02, 0.959E-08, 0.146E-08, 0.781E-09, 0.356E-09, 0.206E-095

0.644E-I0

ENDS

465 HEAT RATE ARRAY

3-3-49



0.459E-I0, 0.318E-I0, 0.747E-I0, 0.243E-09, 0.500E-09, 0.614E-095

0.351E+00, 0.628E+02, 0.287E+03, 0.505E+03, 0.549E+03, 0.206E+04$

0.410E+04, 0.383E+04, 0.324E+04, 0.483E+03, 0.247E+03, 0.311E+03S

0.171E+03, 0.975E-08, 0.167E-08, 0.790E-09, 0.282E-09, 0.166E-09S

0.459E-10

ENDS

47S HEAT RATE ARRAY

0.290E-I0, 0o161E-I0, 0.488E-I0, 0.228E-09, 0.702E-09, 0.796E-09S

0.354E+00, 0.574E+02, 0.253E+03, 0.444E+03, 0.482E+03, 0.200E+04$

0.400E+04, 0.373E+04, 0.316E+04, 0.428E+03, 0.222E+03, 0.303E+03S

0.971E+02, 0.773E-08, 0.189E-08, 0.772E-09, 0.274E-09, 0.139E-09S

0.290E-I0

ENDS

48$ HEAT RATE ARRAY

0.195E-I0, 0.914E-II, 0.338E-I0, 0.182E-09, 0.105E-08, 0.123E-085

0.390E+00, 0.519E+02, 0.208E+03, 0.364E+03, 0.396E+03, 0.193E+045

0.387E+04, 0.360E+04, 0.306E+04, 0.356E+03, 0.185E+03, 0.113E+03$

0.123E+03, 0.I03E-07, 0.225E-08, 0.659E-09, 0.254E-09, 0.912E-I0$

0.195E-10

ENDS

49$ HEAT RATE ARRAY

0.124E-I0, 0.397E-II, 0.225E-I0, 0.142E-09, 0.152E-08, 0.175E-08$

0.451E+00, 0.514E+02, 0.183E+03, 0.319E÷03, 0.347E+03, 0.162E+04$

0.379E+04, 0.353E+04, 0.300E+04, 0.316E+03, 0.166E+03, 0.314E+03$

0.175E+03, 0.869E-08, 0.276E-08, 0.379E-09, 0.242E-09, 0.683E-IOS

0.124E-I0

ENDS

505 HEAT RATE ARRAY

0.264E-II, 0.987E-12, 0.693E-II, 0.841E-I0, 0.240E-08, 0.262E-08$

0.513E+00, 0.466E+02, 0.I05E+03, 0.173E+03, 0.185E+03, 0.469E+03$

0.352E+04, 0.327E+04, 0.279E+04, 0.162E+03, 0.841E+02, 0.228E+03$

0.129E+03, 0.120E-07, 0.389E-08, 0.281E-09, 0.206E-09, 0.429E-I05

0.264E-ii

ENDS

51$ HEAT RATE ARRAY

0.205E-II, 0.655E-12, 0.553E-II, 0.627E-I0, 0.248E-08, 0.282E-08$

0.634E+00, 0.695E+02, 0.181E+03, 0.273E+03, 0.284E+03, 0.258E+03$

0.375E+04, 0.346E+04, 0.292E+04, 0.252E+03, 0.142E+03, 0.189E+03$

0.194E+03, 0.136E-07, 0.552E-08, 0.270E-09, 0.162E-09, 0.351E-10$

0.205E-II

ENDS

52$ HEAT RATE ARRAY

0.344E-09, 0.227E-09, 0.587E-09, 0.138E-08, 0.I02E-08, 0.315E-09$

0.319E+00, 0.642E+02, 0.294E÷03, 0.517E+03, 0.565E+03, 0.445E+03$

0.146E+04, 0.449E+04, 0.349E+04, 0.573E+03, 0.321E+03, 0.134E+03$

0.113E+04, 0.142E-06, 0.128E-06, 0.I05E-06, 0.155E-08, 0.I16E-085

0.344E-09

ENDS

53$ HEAT RATE ARRAY

0.237E-09, 0.147E-09, 0.393E-09, 0.126E-08, 0.973E-09, 0.302E-09$

0.342E+00, 0.694E+02, 0.318E+03, 0.558E+03, 0.616E+03, 0.491E+03$

0.156E+04, 0.458E+04, 0.303E+04, 0.622E+03, 0.345E+03, 0.170E+04$

0.155E+04, 0.141E-06, 0.128E-06, 0.I05E-06, 0.147E-08, 0.940E-09S

0.237E-09

ENDS

54$ HEAT RATE ARRAY

0.164E-09, 0.873E-I0, 0.278E-09, O.lllE-08, 0.999E-09, 0.312E-09$

0.367E+00, 0.755E+02, 0.350E+03, 0.609E+03, 0.673E+03, 0.545E+03$

0.168E+04, 0.468E+04, 0.301E+04, 0.676E+03, 0.370E+03, 0.181E+04$

0.I04E+04, 0.138E-06, 0.128E-06, 0.I05E-06, 0.151E-08, 0.743E-09$

0.164E-09

ENDS

55$ HEAT RATE ARRAY

0.795E-I0, 0.191E-IO, 0.148E-09, 0.836E-09, 0.978E-09, 0.309E-09$

0.398E+00, 0.830E+02, 0.390E+03, 0.672E+03, 0.740E+03, 0.607E+03$

0.181E+04, 0.479E+04, 0.391E+04, 0.739E+03, 0.401E+03, 0.163E+03$

0.I13E+04, 0.142E-06, 0.128E-06, 0.I05E-06, 0.144E-08, 0.494E-09$
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0.602E-09, 0.526E-09, 0.396E-06, 0.371E-06, 0.345E-06, 0.313E-06S

0.559E+02, 0.482E+04, 0.116E+05, 0.117E+05, 0.728E+04, 0.304E+045

0.218E+04, 0.561E+04, 0.885E+04, 0.121E+04, 0.662E+03, 0.596E+04$

0.295E+04, 0.313E-06, 0.345E-06, 0.371E-06, 0.396E-06, 0.878E-09$

0.602E-09

ENDS

395 HEAT RATE ARRAY

0.490E-II, 0.432E-II, 0.292E-06, 0.440E-06, 0.586E-06, 0.708E-06S

0.153E+03, 0.155E+05, 0.431E+05, 0.507E+05, 0.372E+05, 0.191E+05$

0.176E+05, 0.387E+04, 0.135E+04, 0.860E+03, 0.425E+03, 0.170E+03$

0.298E+02, 0.133E-I0, 0.204E-09, 0.817E-09, 0.174E-I0, 0.101E-10$

0.490E-II

ENDS

40S HEAT RATE ARRAY

0.879E-I0, 0.968E-I0, 0.303E-08, 0.630E-08, 0.947E-08, 0.132E-07$

0.332E+01, 0.398E+03, 0.133E+04, 0.196E+04, 0.204E+04, 0.167E+04$

0.319E+04, 0.308E+04, 0.250E+04, 0.181E+04, 0.448E+01, 0.203E+015

0.160E+03, 0.132E-07, 0.947E-08, 0.630E-08, 0.303E-08, 0.110E-OgS

0.879E-I0

ENDS

41S HEAT RATE ARRAY

0.712E-I0, 0.583E-I0, 0.111E-09, 0.153E-09, 0.I13E-09, 0.539E-10$

0.345E-01, 0.711E+01, 0.339E+02, 0.599E+02, 0.709E+03, 0.154E+045

0.299E+04, 0.285E+04, 0.218E+04, 0.565E+02, 0.288E+02, 0.159E+035

0.533E+02, 0.261E-08, 0.411E-09, 0.418E-09, 0.294E-09, 0.136E-O9S

0.712E-I0

ENDS

42S HEAT RATE ARRAY

0.240E-09, 0.182E-09, 0.383E-09, 0.567E-09, 0.403E-09, 0.123E-09S

0.446E-01, 0.882E+01, 0.398E+02, 0.687E+02, 0.733E+02, 0.383E+03$

0.195E+04, 0.306E+04, 0.139E+04, 0.756E+02, 0.445E+02, 0.742E+03S

0.461E+03, 0.441E-07, 0.356E-07, 0.248E-07, 0.137E-07, 0.517E-09$

0.240E-09

ENDS

43S HEAT RATE ARRAY

0.712E-I0, 0.583E-I0, 0.I15E-09, 0.191E-07, 0.443E-08, 0.366E-I0$

0.364E-01, 0.831E+01, 0.368E+02, 0.609E+02, 0.726E+02, 0.413E+03$

0.912E+03, 0.933E+03, 0.100E+03, 0.587E+02, 0.324E+02, 0.227E+03S

0.182E+03, 0.194E-07, 0.201E-07, 0.202E-07, 0.186E-07, 0.136E-09$

0.712E-I0

ENDS

44$ HEAT RATE ARRAY

0.722E-II, 0.536E-II, 0.117E-I0, 0.419E-10, 0.219E-I0, 0.585E-IIS

0.155E-01, 0.379E+01, 0.175E+02, 0.297E+02, 0.710E+02, 0.I05E+04$

0.193E+04, 0.732E+03, 0.134E+03, 0.243E+02, 0.124E+02, 0.156E+02S

0.173E+02, 0.177E-08, 0.158E-08, 0.145E-08, 0.555E-09, 0.133E-I05

0.722E-II

ENDS

455 HEAT RATE ARRAY

0.644E-I0, 0.456E-I0, 0.i09E-09, 0.258E-09, 0.321E-09, 0.372E-095

0.292E+00, 0.570E+02, 0.268E+03, 0.472E+03, 0.658E+03, 0.203E+04$

0.404E+04, 0.377E+04, 0.320E+04, 0.448E+03, 0.228E+03, 0.969E+025

0.944E+02, 0.959E-08, 0.146E-08, 0.781E-09, 0.356E-09, 0.206E-09S

0.644E-I0

ENDS

46$ HEAT RATE ARRAY

0.459E-I0, 0.318E-I0, 0.747E-I0, 0.243E-09, 0.500E-09, 0.614E-O9S

0.351E+00, 0.628E+02, 0.287E+03, 0.505E+03, 0.549E+03, 0.206E+O4S

0.410E+04, 0.383E+04, 0.324E+04, 0.483E+03, 0.247E+03, 0.311E+03S

0.171E+03, 0.975E-08, 0.167E-08, 0.790E-09, 0.282E-09, 0.166E-09$

0.459E-I0

ENDS

475 HEAT RATE ARRAY

0.290E-I0, O.161E-10, 0.488E-I0, 0.228E-09, 0.702E-09, 0.796E-09$
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0.354E+00, 0.574E+02, 0.253E+03, 0.444E+03, 0.482E+03, 0.200E+04$

0.400E+04, 0.373E+04, 0.316E+04, 0.428E+03, 0.222E+03, 0.303E+035

0.971E+02, 0.773E-08, 0.189E-08, 0.772E-09, 0.274E-09, 0.139E-09$
0.290E-I0

ENDS

48S HEAT RATE ARRAY

0.195E-I0, 0.914E-II, 0.338E-I0, 0.182E-09, 0.I05E-08, 0.123E-085

0.390E+00, 0.519E+02, 0.208E+03, 0.364E+03, 0.396E+03, 0.193E+04$

0.387E+04, 0.360E+04, 0.306E+04, 0.356E+03, 0.185E+03, 0.I13E+03$

0.123E+03, 0.I03E-07, 0.225E-08, 0.659E-09, 0.254E-09, 0.912E-I05
0.195E-I0

ENDS

495 HEAT RATE ARRAY

0.124E-I0, 0.397E-II, 0.225E-I0, 0.142E-09, 0.152E-08, 0.175E-08$

0.451E+00, 0.514E+02, 0.183E+03, 0.319E+03, 0.347E+03, 0.162E+045

0.379E+04, 0.353E+04, 0.300E+04, 0.316E+03, 0.166E+03, 0.314E+035

0.175E+03, 0.869E-08, 0.276E-08, 0.379E-09, 0.242E-09, 0.683E-I05
0.124E-I0

ENDS

50$ HEAT RATE ARRAY

0.264E-II, 0.987E-12, 0.693E-II, 0.841E-I0, 0.240E-08, 0.262E-08$

0.513E+00, 0.466E+02, 0.I05E+03, 0.173E+03, 0.185E+03, 0.469E+03$

0.352E+04, 0.327E+04, 0.279E+04, 0.162E+03, 0.841E+02, 0.228E+03$

0.129E+03, 0.120E-07, 0.389L-08, 0.281E-09, 0.206E-09, 0.429E-I05
0.264E-II

ENDS

51$ HEAT RATE ARRAY

0.205E-II, 0.655E-12, 0.553E-II, 0.627E-I0, 0.248E-08, 0.282E-08$

0.634E+00, 0.695E+02, 0.181E+03, 0.273E+03, 0.284E+03, 0.258E+035

0.375E+04, 0.346E+04, 0.292E+04, 0.252E+03, 0.142E+03, 0.189E+035

0.194E+03, 0.136E-07, 0.552E-08, 0.270E-09, 0.162E-09, 0.351E-I0$
0.205E-II

ENDS

52$ HEAT RATE ARRAY

0.344E-09, 0.227E-09, 0.587E-09, 0.138E-08, 0.I02E-08, 0.315E-09$

0.319E+00, 0.642E+02, 0.294E+03, 0.517E+03, 0.565E+03, 0.445E+035

0.146E+04, 0.449E+04, 0.349E+04, 0.573E+03, 0.321E+03, 0.134E+03$

0.113E+04, 0.142E-06, 0.128E-06, 0.I05E-06, 0.155E-08, 0.I16E-085
0.344E-09

ENDS

53$ HEAT RATE ARRAY

0.237E-09, 0.147E-09, 0.393E-09, 0.126E-08, 0.973E-09, 0.302E-09$

0.342E+00, 0.694E+02, 0.318E+03, 0.558E+03, 0.616E+03, 0.491E+035

0.156E+04, 0.458E+04, 0.303E+04, 0.622E+03, 0.345E+03, 0.170E+045

0.155E+04, 0.141E-06, 0.128E-06, 0.I05E-06, 0.147E-08, 0.940E-09$
0.237E-09

ENDS

54$ HEAT RATE ARRAY

0.164E-09, 0.873E-I0, 0.278E-09, 0.111E-08, 0.999E-09, 0.312E-09$

0.367E+00, 0.755E+02, 0.350E+03, 0.609E+03, 0.673E+03, 0.545E+03$

0.168E+04, 0.468E+04, 0.301E+04, 0.676E+03, 0.370E+03, 0.181E+04$

0.I04E+04, 0.138E-06, 0.128E-06, 0.I05E-06, 0.151E-08, 0.743E-09$
0.164E-09

ENDS

555 HEAT RATE ARRAY

0.795E-10, 0.191E-10, 0.148E-09, 0.836E-09, 0.978E-09, 0.309E-09$

0.398E+00, 0.830E+02, 0.390E+03, 0.672E+03, 0.740E+03, 0.607E+03$

0.181E+04, 0.479E+04, 0.391E+04, 0.739E+03, 0.401E+03, 0.163E+03$

0.I13E+04, 0.142E-06, 0.128E-06, 0.105E-06, 0.144E-08, 0.494E-09$
0.795E-I0

ENDS

565 HEAT RATE ARRAY

0.383E-I0, 0.869E-II, 0.794E-I0, 0.533E-09, 0.951E-09, 0.319E-095

0.352E+00, 0.755E+02, 0.356E+03, 0.609E+03, 0.661E+03, 0.547E+03$
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ENDS

75$ HEAT RATE ARRAY

0.146E-II, 0.120E-If, 0.275E-II, 0.179E-09, 0.896E-09, 0.396E-09$

0.553E+00, 0.129E+03, 0.608E+03, 0.990E+03, 0.I04E+04, 0.889E+035

0.252E+04, 0.566E+04, 0.355E+04, 0.974E+03, 0.553E+03, 0.405E+045

0.176E+04, 0.159E-06, 0.143E-06, 0°121E-08, 0.587E-09, 0.725E-I0$

0.146E-II

ENDS

76$ HEAT RATE ARRAY

0.425E-12, 0.342E-12, 0.103E-If, 0.I03E-09, 0.689E-09, 0.292E-09$

0.508E+00, 0.132E+03, 0.631E+03, 0.991E+03, 0.I02E+04, 0.905E+03$

0.259E+04, 0.569E+04, 0.372E+04, 0.933E+03, 0.560E+03, 0.491E+04$

0.176E+04, 0.159E-06, 0.I02E-08, 0.I02E-08, 0.419E-09, 0.229E-IOS

0.425E-12

ENDS

77$ HEAT RATE ARRAY

0.326E-II, 0.253E-II, 0.658E-II, 0.831E-I0, 0.177E-07, 0.542E-07$

0.439E+01, 0.157E+03, 0.718E+03, 0.123E+04, 0.125E+04, 0.969E+035

0.198E+04, 0.134E+04, 0.I16E+04, 0.I02E+04, 0.586E+03, 0.i16E+04$

0.640E+03, 0.720E-07, 0.827E-07, 0.318E-09, 0.147E-09, 0.265E-I0$

0.326E-II

ENDS

78$ HEAT RATE ARRAY

0.239E-II, 0.184E-II, 0.511E-If, 0.614E-I0, 0.359E-09, 0.690E-07$

0°121E+02, 0.935E+03, 0.997E+03, 0.138E+04, 0.140E+04, 0.I12E+04$

0.231E+04, 0.161E+04, 0.137E+04, 0.I16E+04, 0.671E+03, 0.156E+04$

0.648E+03, 0.722E-07, 0.451E-09, 0.286E-09, 0.I06E-09, 0.109E-I05

0.239E-II

ENDS

79$ HEAT RATE ARRAY

0.501E-II, 0.380E-ii, 0.852E-II, 0.363E-I0, 0.285E-08, 0.689E-075

0.485E+01, 0.143E+03, 0.601E+03, 0.101E+04, 0.I05E+04, 0.860E+03$

0.230E+04, 0.136E+04, 0.946E+03, 0.727E+03, 0.384E+03, 0.213E+03$

0.738E+02, 0.507E-08, 0.333E-08, 0.670E-I0, 0.316E-10, 0.123E-I0$

0.501E-If

ENDS

805 HEAT RATE ARRAY

0.532E-II, 0.405E-II, 0.896E-II, 0.382E-I0, 0.818E-09, 0.160E-065

0.303E+02, 0.926E+03, 0.816E+03, 0.134E+04, 0.139E+04, 0.I17E+045

0.293E+04, 0.190E+04, 0.132E+04, 0.999E+03, 0.533E+03, 0.301E+03$

0.901E+02, 0.514E-08, 0.I03E-08, 0.920E-I0, 0.372E-I0, 0.130E-I0$

0.532E-II

ENDS

81$ HEAT RATE ARRAY

0.276E-12, 0.242E-12, 0.132E-09, 0.266E-09, 0.306E-09, 0.258E-085

0.126E+01, 0.190E+03, 0.863E+03, 0.155E+04, 0.181E+04, 0.154E+045

0.299E+04, 0.284E+04, 0.862E+03, 0.516E+02, 0.248E+02, 0.958E+015

0.163E+01, 0.187E-I0, 0.916E-II, 0.582E-II, 0.123E-II, 0.603E-12$

0.276E-12

ENDS

82$ HEAT RATE ARRAY

0.114E-12, 0.955E-13, 0.539E-09, 0.143E-08, 0.157E-08, 0.177E-08$

0.358E+00, 0.393E+02, 0.123E+03, 0.147E+03, 0.122E+03, 0.396E+03$

0.192E+04, 0.193E+04, 0.854E+02, 0.267E+02, 0.139E+02, 0.554E+01$

0.797E+00, 0.288E-II, 0.122E-I0, 0.284E-I0, 0.105E-f1, 0.276E-12$

0.I14E-12

ENDS

835 HEAT RATE ARRAY

0.249E-12, 0.207E-12, 0.184E-07, 0.200E-07, 0.199E-07, 0.194E-07$

0.370E+01, 0.346E+03, 0.910E+03, 0.I05E+04, 0.803E+03, 0.504E+03$

0.911E+03, 0.762E+03, 0.837E+02, 0.516E+02, 0.280E+02, 0.115E+02$

0.178E+01, 0.498E-II, 0.433E-08, 0.189E-07, 0.548E-II, 0.575E-12$

0.249E-12

ENDS

84$ HEAT RATE ARRAY

0.231E-12, 0.206E-12, 0.131E-07, 0.242E-07, 0.352E-07, 0.440E-075

0.994E+01, 0.I04E+04, 0.301E+04, 0.371E+04, 0.289E+04, 0.165E+04$
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0.194E+04, 0.693E+03, 0.667E+02, 0.429E+02, 0.210E+02, 0.837E+01$

0.149E+01, 0.348E-12, 0.775E-12, 0.942E-12, 0.782E-12, 0.468E-12$

0.231E-12

ENDS

85$ HEAT RATE ARRAY

0.251E-II, 0.216E-II, 0.846E-I0, 0.521E-09, 0.128E-08, 0.957E-08S

0.320E+01, 0°484E+03, 0.172E+04, 0.265E+04, 0.263E+04, 0.204E+04S

0.403E+04, 0.373E+04, 0.787E+03, 0.420E+03, 0.198E+03, 0.793E+02$

0.142E+02, 0.282E-09, 0.146E-09, 0.285E-I0, O.IOOE-IO, 0.552E-IIS

0.251E-II

ENDS

86S HEAT RATE ARRAY

0.289E-II, 0.248E-II, 0.272E-I0, 0.544E-09, 0.150E-08, 0.974E-08$

0.326E+01, 0.491E+03, 0.174E+04, 0.269E+04, 0.266E+04, 0.207E+04$

0.409E+04, 0.379E+04, 0.656E+03, 0.452E+03, 0.212E+03, 0.857E+025

0.169E+02, 0.518E-09, 0.335E-09, 0.367E-I0, 0.I18E-10, 0.648E-IIS

0.289E-11

ENDS

87$ HEAT RATE ARRAY

0.276E-II, 0.235E-11, 0.582E-II, 0.514E-09, 0.171E-08, 0.990E-08S

0.327E+01, 0.487E+03, 0.171E+04, 0.263E+04, 0.260E+04, 0.202E+04$

0.400E+04, 0.369E+04, 0.577E+03, 0.396E+03, 0.183E+03, 0.761E+02$

0.167E+02, 0.686E-09, 0.528E-09, 0.403E-I0, 0.116E-10, 0.629E-II$

0.276E-II

ENDS

88S HEAT RATE ARRAY

0.271E-II, 0.227E-II, 0.461E-II, 0.415E-09, 0.208E-08, 0.I03E-07$

0.331E+01, 0.483E+03, 0.167E÷04, 0.256E+04, 0.251E+04, 0.195E+04$

0.386E+04, 0.357E+04, 0.475E+03, 0.324E+03, 0.147E+03, 0.634E+02S

0.178E+02, 0.I09E-08, 0.887E-09, 0.445E-I0, 0.119E-10, 0.639E-II$

0.271E-II

ENDS

89$ HEAT RATE ARRAY

0.265E-II, 0.219E-II, 0.437E-II, 0.134E-09, 0.259E-08, 0.109E-07$

0.337E+01, 0.484E+03, 0.165E+04, 0.251E+04, 0.247E+04, 0.191E+04$

0.379E+04, 0.299E+04, 0.416E+03, 0.282E+03, 0.125E+03, 0.562E+02$

0.203E+02, 0.160E-08, 0.135E-08, 0.443E-I0, 0.129E-I0, 0.651E-I15

0.265E-II

ENDS

90$ HEAT RATE ARRAY

0.165E-II, 0.120E-If, 0.279E-II, 0.287E-I0, 0.372E-08, 0.120E-07$

0.345E+01, 0.475E+03, 0.155E+04, 0.235E+04, 0.229E+04, 0.177E+04$

0.352E+04, 0.857E+03, 0.216E+03, 0.144E+03, 0.639E+02, 0.353E+025

0.225E+02, 0.253E-08, 0.223E-08, 0.293E-10, 0.129E-I0, 0.496E-II$

0.165E-II

ENDS

91$ HEAT RATE ARRAY

0.237E-II, 0.168E-II, 0.395E-II, 0.189E-I0, 0.536E-08, 0.136E-075

0.375E+01, 0.505E+03, 0.165E+04, 0.250E+04, 0.245E+04, 0.189E+04$

0.374E+04, 0.466E+03, 0.329E+03, 0.222E+03, 0.959E+02, 0.621E+02S

0.291E+02, 0.276E-08, 0.232E-08, 0.254E-I0, 0.169E-I0, 0.665E-II$

0.237E-II

ENDS

92$ HEAT RATE ARRAY

0.540E-12, 0.446E-12, 0.697E-09, 0.443E-08, 0.476E-08, 0.499E-08$

0.949E+00, 0.110E+03, 0.367E+03, 0.448E+03, 0.404E+03, 0.235E+03$

0.865E+03, 0.304E+03, 0.142E+03, 0.I05E+03, 0.552E+02, 0.224E+02$

0.328E+01, 0.108E-10, 0.526E-I0, 0.I12E-09, 0.294E-II, 0.127E-II$

0.540E-12

ENDS

935 HEAT hATE ARRAY

0.696E-12, 0.559E-12, 0.174E-09, 0.447E-08, 0.510E-08, 0.441E-08S

0.983E+00, O.101E+03, 0.285E+03, 0.356E+03, 0.276E+03, 0.179E+03$

0.818E+03, 0.155E+03, 0.I13E÷03, 0.867E+02, 0.464E+02, 0.197E+02$

0.468E+01, 0.264E-09, 0.270E-09, 0.124E-09, 0.390E-II, 0.176E-II$

0.696E-12

ENDS
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0.149E-ii

ENDS

755 HEAT RATE ARRAY

0.146E-II, 0.120E-II, 0.275E-II, 0.179E-09, 0.896E-09, 0.396E-095

0.553E+00, 0.129E+03, 0.608E+03, 0.990E+03, 0.I04E+04, 0.889E+035

0.252E+04, 0.566E+04, 0.355E+04, 0.974E+03, 0.553E+03, 0.405E+045

0.176E+04, 0.159E-06, 0.143E-06, 0.121E-08, 0.587E-09, 0.725E-I05

0.146E-II

ENDS

765 HEAT RATE ARRAY

0.425E-12, 0.342E-12, 0.103E-II, 0.I03E-09, 0.689E-09, 0.292E-095

0.508E+00, 0.132E+03, 0.631E+03, 0.991E+03, 0.I02E+04, 0.905E+035

0.259E+04, 0.569E+04, 0.372E+04, 0.933E+03, 0.560E+03, 0.491E+045

0.176E+04, 0.159E-06, 0.I02E-08, 0.I02E-08, 0.419E-09, 0.229E-I05

0.425E-12

ENDS

775 HEAT RATE ARRAY

0.326E-II, 0.253E-II, 0.658E-II, 0.831E-I0, 0.177E-07, 0.542E-075

0.439E+01, 0.157E+03, 0.718E+03, 0.123E+04, 0.125E+04, 0.969E+035

0.198E+04, 0.134E+04, 0.I16E+04, 0.I02E+04, 0.586E+03, 0.I16E+045

0.640E+03, 0.720E-07, 0.827E-07, 0.318E-09, 0.147E-09, 0.265E-I05

0.326E-II

ENDS

785 HEAT RATE ARRAY

0.239E-II, 0.184E-II, 0.511E-If, 0.614E-I0, 0.359E-09, 0.690E-075

0.121E+02, 0.935E+03, 0.997E+03, 0.138E+04, 0.140E+04, 0.I12E+045

0.231E+04, 0.161E+04, 0.137E+04, 0.I16E+04, 0.671E+03, 0.156E+045

0.648E+03, 0.722E-07, 0.451E-09, 0.286E-09, 0.I06E-09, 0.I09E-I05

0.239E-II

ENDS

795 HEAT RATE ARRAY

0.501E-II, 0.380E-II, 0.852E-II, 0.363E-I0, 0.285E-08, 0.689E-075

0.485E+01, 0.143E+03, 0.601E+03, 0.101E+04, 0.105E+04, 0.860E+035

0.230E+04, 0.136E+04, 0.946E+03, 0.727E+03, 0.384E+03, 0.213E+035

0.738E+02, 0.507E-08, 0.333E-08, 0.670E-I0, 0.316E-I0, 0.123E-I05

0.501E-If

ENDS

805 HEAT RATE ARRAY

0.532E-II, 0.405E-II, 0.896E-II, 0.382E-I0, 0.818E-09, 0.160E-065

0.303E+02, 0.926E+03, 0.816E+03, 0.134E+04, 0.139E+04, 0.I17E+045

0.293E+04, 0.190E+04, 0.132E+04, 0.999E+03, 0.533E+03, 0.301E+035

0.901E+02, 0.514E-08, 0.I03E-08, 0.920E-10, 0.372E-I0, 0.130E-I05

0.532E-II

ENDS

815 HEAT RATE ARRAY

0.276E-12, 0.242E-12, 0.132E-09, 0.266E-09, 0.306E-09, 0.258E-085

0.126E+01, 0.190E+03, 0.863E+03, 0.155E+04, 0.181E+04, 0.154E+045

0.299E+04, 0.284E+04, 0.862E+03, 0.516E+02, 0.248E+02, 0.958E+015

0.163E+01, 0.187E-I0, 0.916E-Ii, 0.582E-II, 0.123E-II, 0.603E-125

0.276E-12

ENDS

825 HEAT RATE ARRAY

0.i14E-12, 0.955E-13, 0.539E-09, 0.143E-08, 0.157E-08, 0.177E-085

0.358E+00, 0.393E+02, 0.123E+03, 0.147E+03, 0.122E+03, 0.396E+035

0.192E+04, 0.193E+04, 0.854E+02, 0.267E+02, 0.139E+02, 0.554E+015

0.797E+00, 0.288E-II, 0.122E-I0, 0.284E-I0, 0.105E-If, 0.276E-125

0.I14E-12

ENDS

835 HEAT RATE ARRAY

0.249E-12, 0.207E-12, 0.184E-07, 0.200E-07, 0.199E-07, 0.194E-075

0.370E+01, 0.346E+03, 0.910E_03, 0.I05E+04, 0.803E+03, 0.504E+035

0.911E+03, 0.762E+03, 0.837E÷02, 0.516E+02, 0.280E+02, 0.I15E+025

0.178E+01, 0.498E-II, 0.433E-08, 0.189E-07, 0.548E-II, 0.575E-125

0.249E-12
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ENDS

845 HEAT RATE ARRAY

0.231E-12, 0.206E-12, 0.131E-07, 0.242E-07, 0.352E-07, 0.440E-07$

0.994E+01, 0.I04E+04, 0.301E+04, 0.371E+04, 0.289E+04, 0.165E+045

0.194E+04, 0.693E+03, 0.667E+02, 0.429E+02, 0.210E+02, 0.837E+01$

0.149E+01, 0.348E-12, 0.775E-12, 0.942E-12, 0.782E-12, 0.468E-12$

0.231E-12

ENDS

855 HEAT RATE ARRAY

0.251E-II, 0.216E-II, 0.846E-I0, 0.521E-09, 0.128E-08, 0.957E-08$

0.320E+01, 0.484E+03, 0.172E+04, 0.265E+04, 0.263E+04, 0.204E+045

0.403E+04, 0.373E+04, 0.787E+03, 0.420E+03, 0.198E+03, 0.793E+025

0.142E+02, 0.282E-09, 0.146E-09, 0.285E-I0, 0.100E-10, 0.552E-II$

0.251E-II

ENDS

86S HEAT RATE ARRAY

0.289E-II, 0.248E-II, 0.272E-I0, 0.544E-09, 0.150E-08, 0.974E-085

0.326E+01, 0.491E+03, 0.174E+04, 0.269E+04, 0.266E+04, 0.207E+045

0.409E+04, 0.379E+04, 0.656E+03, 0.452E+03, 0.212E+03, 0.857E+025

0.169E+02, 0.518E-09, 0.335E-09, 0.367E-I0, O.II8E-10, 0.648E-IIS

0.289E-II

ENDS

87$ HEAT RATE ARRAY

0.276E-II, 0.235E-II, 0.582E-11, 0.514E-09, 0.171E-08, 0.990E-08$

0.327E+01, 0.487E+03, 0.171E+04, 0.263E+04, 0.260E+04, 0.202E+04$

0.400E+04, 0.369E+04, 0.577E+03, 0.396E+03, 0.183E+03, 0.761E+02S

0.167E+02, 0.686E-09, 0.528E-09, 0.403E-I0, 0.I16E-10, 0.629E-II$

0.276E-II

ENDS

88S HEAT RATE ARRAY

0.271E-II, 0.227E-II, 0.461E-II, 0.415E-09, 0.208E-08, 0.I03E-07$

0.331E+01, 0.483E+03, 0.167E+04, 0.256E+04, 0.251E+04, 0.195E+045

0.386E+04, 0.357E+04, 0.475E+03, 0.324E+03, 0.147E+03, 0.634E+025

0.178E+02, 0.I09E-08, 0.887E-09, 0.445E-I0, O.II9E-10, 0.639E-IIS

0.271E-II

ENDS

89$ HEAT RATE ARRAY

0.265E-II, 0.219E-II, 0.437E-II, 0.134E-09, 0.259E-08, 0.I09E-075

0.337E+01, 0.484E+03, 0.165E+04, 0.251E+04, 0.247E+04, 0.191E+04$

0.379E+04, 0.299E+04, 0.416E+03, 0.282E+03, 0.125E+03, 0.562E+02$

0.203E+02, 0.160E-08, 0.135E-08, 0.443E-I0, 0.129E-I0, 0.651E-II$

0.265E-II

ENDS

905 HEAT RATE ARRAY

0.165E-II, O.120E-II, 0.279E-II, 0.287E-I0, 0.372E-08, 0.120E-075

0.345E+01, 0.475E+03, 0.155E+04, 0.235E+04, 0.229E+04, 0.177E+045

0.352E+04, 0.857E+03, 0.216E+03, 0.144E+03, 0.639E+02, 0.353E+02$

0.225E+02, 0.253E-08, 0.223E-08, 0.293E-10, 0.129E-I0, 0.496E-II$

0.165E-II

ENDS

91$ HEAT RATE ARRAY

0.237E-II, 0.168E-II, 0.395E-II, 0.189E-10, 0.536E-08, 0.136E-075

0.375E+01, 0.505E+03, 0.165E+04, 0.250E+04, 0.245E+04, 0.189E+04$

0.374E+04, 0.466E+03, 0.329E+03, 0.222E+03, 0.959E+02, 0.621E+025

0.291E+02, 0.276E-08, 0.232E-08, 0.254E-I0, 0.169E-I0, 0.665E-II$

0.237E-II

ENDS

925 HEAT RATE ARRAY

0.540E-12, 0.446E-12, 0.697E-09, 0.443E-08, 0.476E-08, 0.499E-085

0.949E+00, 0.110E+03, 0.367E+03, 0.448E+03, 0.404E+03, 0.235E+03S

0.865E+03, 0.304E+03, 0.142E+03, 0.105E+03, 0.552E+02, 0.224E+02S

0.328E+01, 0.108E-IO, 0.526E-I0, 0.I12E-09, 0.294E-II, 0.127E-I15

0.540E-12

ENDS
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0.517E-II, 0.398E-II, 0.834E-II, 0.296E-I0, 0.597E-08, 0.155E-075

0.446E+01, 0.606E+03, 0.213E+04, 0.336E+04, 0.325E+04, 0.256E+045

0.499E+04, 0.121E+04, 0.863E+03, 0.592E+03, 0.255E+03, 0.149E+035

0.370E+02, 0.413E-08, 0.913E-09, 0.326E-I0, 0.240E-I0, 0.120E-I05

0.517E-II

ENDS

1145 HEAT RATE ARRAY

0.654E-II, 0.504E-ii, 0.104E-I0, 0.342E-i0, 0.148E-08, 0.122E-075

0.419E+01, 0.630E+03, 0.236E+04, 0.375E+04, 0.367E+04, 0.291E+045

0.545E+04, 0.180E+04, 0.126E+04, 0.868E+03, 0.383E+03, 0.217E+035

0.372E+02, 0.I07E-07, 0.314E-09, 0.681E-10, 0.330E-I0, 0.146E-I05

0.654E-II

ENDS

1155 HEAT RATE ARRAY

0.276E-II, 0.207E-II, 0.493E-Ii, 0.279E-I0, 0.333E-08, 0.507E-085

0.141E+01, 0.171E+03, 0.618E+03, 0.100E+04, 0.988E+03, 0.812E+035

0.230E+04, 0.131E+04, 0.986E+03, 0.756E+03, 0.423E+03, 0.202E+035

0.256E+03, 0.689E-07, 0.286E-08, 0.805E-I0, 0.288E-I0, 0.751E-ii$

0.276E-II

ENDS

1165 HEAT RATE ARRAY

0.446E-II, 0.339E-II, 0.758E-Ii, 0.356E-i0, 0.I03E-08, 0.514E-085

0.171E+01, 0.211E+03, 0.810£+03, 0.135E+04, 0.137E+04, 0.I13E+045

0.293E+04, 0.188E+04, 0.137E+04, 0.101E+04, 0.536E+03, 0.131E+045

0.160E+04, 0.160E-06, 0.821E-09, 0.959E-I0, 0.369E-I0, 0.I12E-105

0.446E-II

ENDS

1175 HEAT RATE ARRAY

0.808E-II, 0.625E-II, 0.143E-i0, 0.674E-10, 0.825E-07, 0.720E-075

0.121E+02, 0.I02E+04, 0.242E+04, 0.257E+04, 0.180E+04, 0.I07E+045

0.198E+04, 0.155E+04, 0.I00E+04, 0.941E+03, 0.553E+03, 0.232E+035

0.232E+03, 0.542E-07, 0.175E-07, 0.928E-I0, 0.448E-10, 0.192E-I05

0.808E-II

ENDS

1185 HEAT RATE ARRAY

0.993E-II, 0.766E-ii, 0.172E-I0, 0.743E-I0, 0.346E-09, 0.721E-075

0.123E+02, 0.104£+04, 0.255E+04, 0.279E+04, 0.204E+04, 0.126E+045

0.231E+04, 0.187E+04, 0.I17E+04, 0.I06E+04, 0.594E+03, 0.139E+045

0.639E+03, 0.690E-07, 0.256E-09, 0.I16E-09, 0.534E-I0, 0.232E-I05

0.993E-II

ENDS

1195 HEAT RATE ARRAY

0.704E-II, 0.562E-Ii, 0.117E-10, 0.398E-i0, 0.142E-06, 0.159E-065

0.333E+02, 0.328E+04, 0.884E+04, 0.101E+05, 0.697E+04, 0.321E+045

0.251E+04, 0.163E+04, 0.I12E+04, 0.814E+03, 0.391E+03, 0.185E+035

0.282E+02, 0.162E-09, 0.128E-09, 0.386E-i0, 0.279E-I0, 0.154E-I05

0.704E-II

ENDS

1205 HEAT RATE ARRAY

0.764E-II, 0.594E-ii, 0.125£-10, 0.423E-I0, 0.377E-09, 0.159E-065

0.333E+02, 0.328E+04, 0.888E+04, 0.101E+05, 0.703E+04, 0.325E+045

0.256E+04, 0.164E+04, 0.I09E+04, 0.803E+03, 0.368E+03, 0.192E+035

0.261E+02, 0.100E-09, 0.591E-i0, 0.406E-i0, 0.301E-IO, 0.168E-105

0.764E-II

ENDS

1215 HEAT RATE ARRAY

0.386E-12, 0.275E-12, 0.663E-12 , 0.362E-10, 0.351E-09, 0.551E-095

0.325E+00, 0.705E+02, 0.135E+04, 0.260E+04, 0.510E+03, 0.470E+035

0.182E+04, 0.590E+04, 0.548E+04, 0.448E+03, 0.145E+04, 0.788E+035

0.161E+03, 0.275E-08, 0.645E-09, 0.275E-09, 0.126E-09, 0.875E-II$

0.386E-12

ENDS

1225 HEAT RATE ARRAY

0.854E-13, 0.632E-13, 0.226E-12, 0.600E-f1, 0.493E-09, 0.196E-095

0.191E+00, 0.498E÷02, 0.239E+03, 0.368E+03, 0.380E+03, 0.345E+035

0.473E+04, 0.741E+04, 0.364E+04, 0.346E+03, 0.554E+04, 0.354E+045

0.118E÷04, 0.515E-07, 0.674E-09, 0.720E-09, 0.263E-09, 0.763E-125
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0.854E-13

ENDS

1235 HEAT RATE ARRAY

0.524E-12, 0.401E-12, 0.126E-II, 0.455E-I0, 0.312E-09, 0.383E-09$

0.843E+01, 0.829E+03, 0.207E+04, 0.571E+03, 0.583E+03, 0.494E+03$

0.104E+04, 0.227E+04, 0.646E+03, 0.502E+03, 0.152E+04, 0.126E+045

0.452E+03, 0.170E-07, 0.394E-09, 0.283E-09, 0.128E-09, 0.916E-II$

0.524E-12

ENDS

1245 HEAT RATE ARRAY

0.142E-11, 0.107E-II, 0.239E-11, 0.115E-10, 0.500E-09, 0.137E-08$

0.167E+02, 0.949E+03, 0.469E+03, 0.278E+04, 0.619E+03, 0.546E+03$

0.225E+04, 0.186E+04, 0.687E+03, 0.486E+03, 0.272E+03, 0.159E+035

0.527E+02, 0.302E-08, 0.507E-09, 0.510E-10, 0.160E-10, 0.380E-I15

0.142E-11

ENDS

1255 HEAT RATE ARRAY

0.338E-II, 0.260E-II, 0.557E-II, 0.204E-I0, 0.512E-09, 0.271E-085

0.306E+01, 0.531E+03, 0.225E+04, 0.401E+04, 0.463E+04, 0.325E+O4S

0.181E+04, 0.852E+03, 0.590E+03, 0.113E+04, 0.171E+03, 0.101E+035

0.169E+02, 0.510E-09, 0.220E-09, 0.670E-I0, 0.362E-I0, 0.752E-II$

0.338E-II

ENDS

126S HEAT RATE ARRAY

0.298E-11, 0.227E-II, 0.486E-II, 0.184E-10, 0.498E-09, 0.302E-085

0.100E+01, 0.111E+03, 0.403E+03, 0.694E+03, 0.713E+03, 0.I07E+04$

0.224E+04, 0.940E+03, 0.660E÷03, 0.463E+03, 0.224E+03, 0.141E+045

0.879E+03, 0.137E-08, 0.493E-09, 0.347E-I0, 0.173E-I0, 0.698E-II$

0.298E-II

ENDS

1275 HEAT RATE ARRAY

0.428E-II, 0.330E-II, 0.740E-II, 0.327E-I0, 0.265E-09, 0.169E-07$

0.855E+01, 0.842E+03, 0.236E+04, 0.293E÷04, 0.240E+04, 0.136E+04$

0.I03E+04, 0.869E+03, 0.560E+03, 0.451E+03, 0.226E+03, 0.124E+04$

0.445E+03, 0.345E-09, 0.185E-09, 0.797E-I0, 0.411E-I0, 0.968E-II$

0.428E-II

ENDS

128S HEAT RATE ARRAY

0.278E-II, 0.214E-II, 0.447E-II, 0.167E-I0, 0.212E-09, 0.513E-07S

0.223E+02, 0.237E+04, 0.694E+04, 0.869E+04, 0.691E+04, 0.406E+045

0.470E+04, 0.611E+03, 0.409E+03, 0.293E+03, 0.127E+03, 0.707E+025

0.953E+01, 0.566E-I0, 0.358E-I0, 0.137E-10, 0.I08E-10, 0.607E-II$

0.278E-II

ENDS

1295 HEAT RATE ARRAY

0.231E-I0, 0.150E-IO, 0.694E-09, 0.187E-07, 0.602E-07, 0.496E-O7S

0.235E+03, 0.613E+05, 0.281E+06, 0.492E+06, 0.484E+06, 0.346E+065

0.757E+06, 0.372E+06, 0.455E+06, 0.407E+06, 0.229E+06, 0.918E+05$

0.128E+05, 0.915E-07, 0.909E-07, 0.502E-07, 0.146E-07, 0.I06E-08$

0.231E-I0

ENDS

1305 HEAT RATE ARRAY

0.474E-08, 0.365E-08, 0.827E-08, 0.351E-07, 0.877E-07, 0.904E-075

0.244E+03, 0.620E+05, 0.283E+06, 0.494E+06, 0.531E+06, 0.433E+06$

0.756E+06, 0.639E+06, 0.308E+06, 0.356E+06, 0.229E+06, 0.912E+055

0.124E+05, 0.490E-07, 0.574E-07, 0.384E-07, 0.217E-07, 0.111E-07$

0.474E-08

ENDS

131S HEAT RATE ARRAY

0.187E-I0, 0.11BE-10, 0.499E-I0, 0.207E-08, 0.291E-07, 0.408E-075

0.168E+03, 0.454E+05, 0.222E+06, 0.334E+06, 0.346E+06, 0.326E+06S

0.688E+06, 0.625E÷06, 0.450E÷06, 0.318E+06, 0.190E+06, 0.852E+05S

0.125E+05, 0.I14E-06, 0.666E-07, 0.370E-07, 0.822E-08, 0.422E-095

0.187E-I0

ENDS

1325 HEAT RATE ARRAY

0.254E-08, 0.196E-08, 0.402E-08, 0.123E-07, 0.531E-07, 0.I09E-06$
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0.294E+02, 0.288E+04, 0.770E+04, 0.863E+04, 0.586E+04, 0.258E+04$

0.174E+04, 0.I04E+04, 0.753E+03, 0.528E+03, 0.265E+03, 0.I12E+03$

0.188E+02, 0.124E-09, 0.I15E-09, 0.210E-IO, O.150E-IO, 0.833E-II$

0.386E-II

ENDS

1125 HEAT RATE ARRAY

0.486E-II, 0.395E-II, 0.819E-II, 0.277E-I0, 0.127E-06, 0.142E-06$

0.296E+02, 0.290E+04, 0.778E+04, 0.877E+04, 0.601E+04, 0.270E+04$

0.195E+04, 0.122E+04, 0.856E+03, 0.611E+03, 0.303E+03, 0.135E+035

0.225E+02, 0.235E-09, 0.209E-09, 0.274E-10, 0.195E-I0, 0.I07E-I0$

0.486E-II

ENDS

1135 HEAT RATE ARRAY

0.517E-II, 0.398E-II, 0.834E-II, 0.296E-I0, 0.597E-08, 0.155E-07$

0.446E+01, 0.606E+03, 0.213E+04, 0.336E+04, 0.325E+04, 0.256E+04S

0.499E+04, 0.121E+04, 0.863E+03, 0.592E+03, 0.255E+03, 0.149E+03$

0.370E+02, 0.413E-08, 0.913E-09, 0.326E-I0, 0.240E-I0, 0.120E-I05

0.517E-II

ENDS

1145 HEAT RATE ARRAY

0.654E-II, 0.504E-II, O.I04E-IO, 0.342E-I0, 0.148E-08, 0.122E-075

0.419E+01, 0.630E+03, 0.236E+04, 0.375E+04, 0.367E+04, 0.291E+04$

0.545E+04, 0.180E+04, 0.126E_04, 0.868E+03, 0.383E+03, 0.217E+03$

0.372E+02, 0.I07E-07, 0o314E-09, 0.681E-I0, 0.330E-I0, 0.146E-105

0.654E-II

ENDS

1155 HEAT RATE ARRAY

0.276E-II, 0.207E-II, 0.493E-II, 0.279E-I0, 0.333E-08, 0.507E-085

0.141E+01, 0.171E+03, 0.618E+03, 0.100E+04, 0.988E+03, 0.812E+035

0.230E+04, 0.131E+04, 0.986E+03, 0.756E+03, 0.423E+03, 0.202E+03$

0.256E+03, 0.689E-07, 0.286E-08, 0.805E-I0, 0.288E-I0, 0.751E-ii$

0.276E-II

ENDS

1165 HEAT RATE ARRAY

0.446E-II, 0.339E-II, 0.758E-II, 0.356E-I0, 0.I03E-08, 0.514E-085

0.171E+01, 0.211E+03, 0.810E+03, 0.135E+04, 0.137E+04, 0.I13E+04$

0.293E+04, 0.188E+04, 0.137E+04, O.101E+04, 0.536E+03, 0.131E+04$

0.160E+04, 0.160E-06, 0.821E-09, 0.959E-I0, 0.369E-I0, 0.I12E-I05

0.446E-II

ENDS

1175 HEAT RATE ARRAY

0.808E-II, 0.625E-II, 0.143E-10, 0.674E-I0, 0.825E-07, 0.720E-075

0.121E+02, 0.I02E+04, 0.242E+04, 0.257E+04, 0.180E+04, 0.I07E+04$

0.198E+04, 0.155E+04, 0.100E+04, 0.941E+03, 0.553E+03, 0.232E+03$

0.232E+03, 0.542E-07, 0.175E-07, 0.928E-10, 0.448E-I0, 0.192E-I05

0.808E-II

ENDS

1185 HEAT RATE ARRAY

0.993E-II, 0.766E-II, 0.172E-I0, 0.743E-I0, 0.346E-09, 0.721E-075

0.123E+02, 0.I04E+04, 0.255E+04, 0.279E+04, 0.204E+04, 0.126E+045

0.231E+04, 0.187E+04, 0.I17E+04, 0.I06E+04, 0.594E+03, 0.139E+04$

0.639E+03, 0.690E-07, 0.256E-09, 0.I16E-09, 0.534E-I0, 0.232E-10$

0. 993E-II

ENDS

1195 HEAT RATE ARRAY

0.704E-II, 0.562E-II, O.II7E-10, 0.398E-I0, 0.142E-06, 0.159E-065

0.333E+02, 0.328E+04, 0.884E+04, O.IOIE+05, 0.697E+04, 0.321E+04$

0.251E+04, 0.163E+04, 0.I12E+04, 0.814E+03, 0.391E+03, 0.185E+035

0.282E+02, 0.162E-09, 0.128E-09, 0.386E-I0, 0.279E-I0, 0.154E-I05

0.704E-II

END5

1205 HEAT RATE ARRAY

0.764E-II, 0.594E-II, 0.125E-I0, 0.423E-I0, 0.377E-09, 0.159E-065

0.333E+02, 0.328E+04, 0.888E+04, 0.101E+05, 0.703E+04, 0.325E+04$
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0.256E+04, 0.164E+04, 0.I09E+04, 0.803E+03, 0.368E+03, 0.192E+035

0.261E+02, 0.I00E-09, 0.591E-10, 0.406E-I0, 0.301E-I0, 0.168E-I05

0.764E-II

ENDS

1215 HEAT RATE ARRAY

0.386E-12, 0.275E-12, 0.663E-12, 0.362E-I0, 0.351E-09, 0.551E-095

0.325E+00, 0.705E+02, 0.135E+04, 0.260E+04, 0.510E+03, 0.470E+035

0.182E+04, 0.590E+04, 0.548E+04, 0.448E+03, 0.145E+04, 0.788E+035

0.161E+03, 0.275E-08, 0.645E-09, 0.275E-09, 0.126E-09, 0.875E-I15

0.386E-12

ENDS

1225 HEAT RATE ARRAY

0.854E-13, 0.632E-13, 0.226E-12, 0.600E-I!, 0.493E-09, 0.196E-095

O.191E+00, 0.498E+02, 0.239E+03, 0.368E+03, 0.380E+03, 0.345E+035

0.473E+04, 0.741E+04, 0.364E+04, 0.346E+03, 0.554E+04, 0.354E+045

0.I18E+04, 0.515E-07, 0.674E-09, 0.720E-09, 0.263E-09, 0.763E-12$

0.854E-13

ENDS

1235 HEAT RATE ARRAY

0.524E-12, 0.401E-12, 0.126E-II, 0.455E-I0, 0.312E-09, 0.383E-09$

0.843E+01, 0.829E+03, 0.207E+04, 0.571E+03, 0.583E+03, 0.494E+035

0.I04E+04, 0.227E+04, 0.646E+03, 0.502E+03, 0.152E+04, 0.126E+045

0.452E+03, 0.170E-07, 0.394E-09, 0.283E-09, 0.128E-09, 0.916E-II$

0.524E-12

ENDS

1245 HEAT RATE ARRAY

0.142E-II, 0.107E-ll, 0.239E-II, O.IISE-10, 0.500E-09, 0.137E-08$

0.167E+02, 0.949E+03, 0.469E+03, 0.278E+04, 0.619E+03, 0.546E+035

0.225E+04, 0.186E+04, 0.687E+03, 0.486E+03, 0.272E+03, 0.159E+035

0.527E+02, 0.302E-08, 0.507E-09, 0.510E-I0, 0.160E-10, 0.380E-II$

0.142E-II

ENDS

1255 HEAT RATE ARRAY

0.338E-II, 0.260E-II, 0.557E-II, 0.204E-I0, 0.512E-09, 0.271E-08$

0.306E+01, 0.531E+03, 0.225E+04, 0.401E+04, 0.463E+04, 0.325E+045

0.181E+04, 0.852E+03, 0.590E+03, 0.I13E+04, 0.171E+03, 0.I01E+035

0.169E+02, 0.510E-09, 0.220E-09, 0.670E-I0, 0.362E-I0, 0.752E-II$

0.338E-II

ENDS

1265 HEAT RATE ARRAY

0.298E-II, 0.227E-II, 0.486E-II, 0.184E-I0, 0.498E-09, 0.302E-08$

0.100E+01, 0.111E+03, 0.403E+03, 0.694E+03, 0.713E+03, 0.I07E+04$

0.224E+04, 0.940E+03, 0.660E+03, 0.463E+03, 0.224E+03, 0.141E+045

0.879E+03, 0.137E-08, 0.493E-09, 0.347E-I0, 0.173E-I0, 0.698E-II$

0.298E-II

ENDS

1275 HEAT RATE ARRAY

0.428E-II, 0.330E-II, 0.740E-II, 0.327E-I0, 0.265E-09, 0.169E-075

0.855E+01, 0.842E+03, 0.236E+04, 0.293E+04, 0.240E+04, 0.136E+045

0.I03E+04, 0.869E+03, 0.560E+03, 0.451E+03, 0.226E+03, 0.124E+045

0.445E+03, 0.345E-09, 0.185E-09, 0.797E-I0, 0.411E-10, 0.968E-II$

0.428E-II

ENDS

1285 HEAT RATE ARRAY

0.278E-II, 0.214E-II, 0.447E-II, 0.167E-I0, 0.212E-09, 0.513E-075

0.223E+02, 0.237E+04, 0.694E+04, 0.869E+04, 0.691E+04, 0.406E+045

0.470E+04, 0.611E+03, 0.409E+03, 0.293E÷03, 0.127E+03, 0.707E+02$

0.953E+01, 0.566E-I0, 0.358E-I0, 0.137E-I0, O.108E-lO, 0.607E-115

0.278E-II

ENDS

1295 HEAT RATE ARRAY

0.231E-I0, O.150E-IO, 0.694E-09, 0.187E-07, 0.602E-07, 0.496E-07$

0.235E+03, 0.613E+05, 0.281E+06, 0.492E+06, 0.484E+06, 0.346E+065

0.757E+06, 0.372E+06, 0.455E+06, 0.407E+06, 0.229E+06, 0.918E+055
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0.128E+05, 0.915E-07, 0.909E-07, 0.502E-07, 0.146E-07, 0.I06E-085

0.231E-10

ENDS

1305 HEAT RATE ARRAY

0.474E-08, 0.365E-08, 0.827E-08, 0.351E-07, 0.877E-07, 0.904E-075

0.244E+03, 0.620E+05, 0.283E+06, 0.494E+06, 0.531E+06, 0.433E+065

0.756E+06, 0.639E+06, 0.308E+06, 0.356E+06, 0.229E+06, 0.912E+05$

0.124E+05, 0.490E-07, 0.574E-07, 0.384E-07, 0.217E-07, 0.IIIE-07$

0.474E-08

ENDS

1315 HEAT RATE ARRAY

0.187E-I0, 0.118E-10, 0.499E-I0, 0.207E-08, 0.291E-07, 0.408E-075

0.168E+03, 0.454E+05, 0.222E+06, 0.334E+06, 0.346E+06, 0.326E+065

0.688E+06, 0.625E+06, 0.450E+06, 0.318E+06, 0.190E+06, 0.852E+055

0.125E+05, 0.I14E-06, 0.666E-07, 0.370E-07, 0.822E-08, 0.422E-09$

0.187E-I0

ENDS

1325 HEAT RATE ARRAY

0.254E-08, 0.196E-08, 0.402E-08, 0.123E-07, 0.531E-07, 0.I09E-06$

0.236E+03, 0.575E+05, 0.264E+06, 0.455E+06, 0.482E+06, 0.381E+06$

0.687E+06, 0.600E+06, 0.414E+06, 0.283E+06, 0.115E+06, 0.676E+055

0.886E+04, 0.368E-07, 0.158E-07, 0.I09E-07, 0.942E-08, 0.546E-085

0.254E-08

ENDS

1335 HEAT RATE ARRAY

0.405E-09, 0.421E-09, 0.585E-09, 0.557E-09, 0.388E-09, 0.I13E-075

0.723E+01, 0.146E+04, 0.667E+04, 0.127E+05, 0.149E+05, 0.126E+055

0.245E+05, 0.233E+05, 0.182E+05, 0.613E+04, 0.504E+02, 0.899E+03$

0.382E+03, 0.I13E-07, 0.390E-09, 0.560E-09, 0.599E-09, 0.513E-095

0.405E-09

ENDS

1345 HEAT RATE ARRAY

0.158E-08, 0.158E-08, 0.230E-08, 0.224E-08, 0.156E-08, 0.475E-09$

0.I14E+00, 0.249E+02, 0.I12E+03, 0.169E+03, 0.176E+04, 0.575E+045

0.183E+05, 0.247E+05, 0.264E+05, 0.557E+04, 0.111E+03, 0.426E+045

0.325E+04, 0.258E-06, 0.191E-06, 0.I18E-06, 0.571E-07, 0.205E-085

0.158E-08

ENDS

1355 HEAT RATE ARRAY

0.405E-09, 0.421E-09, 0.806E-07, 0.912E-07, 0.I03E-06, 0.I12E-065

0.234E+02, 0.238E+04, 0.691E+04, 0.911E+04, 0.842E+04, 0.640E+045

0.120E+05, 0.I18E+05, 0.103E+05, 0.385E+04, 0.487E+02, 0.208E+04$

0.123E+04, 0.I12E-06, 0.103E-06, 0.912E-07, 0.806E-07, 0.513E-095

0.405E-09

ENDS

1365 HEAT RATE ARRAY

0.389E-12, 0.348E-12, 0.547E-07, 0.I15E-06, 0.190E-06, 0.258E-065

0.615E+02, 0.675E+04, 0.203E+05, 0.262E+05, 0.216E+05, 0.133E+05$

0.182E+05, 0.I06E+05, 0.205E+04, 0.733E+02, 0.357E+02, 0.142E+02$

0.254E+01, 0.500E-12, 0.122E-II, 0.155E-II, O.130E-II, 0.784E-125

0.389E-12

ENDS

1375 HEAT RATE ARRAY

0.167E-09, 0.139E-09, 0.284E-09, 0.947E-09, 0.I02E-05, 0.312E-065

0.266E+02, 0.566E+04, 0.267E+05, 0.459E+05, 0.501E+05, 0.417E+05$

0.844E+05, 0.807E+05, 0.668E+05, 0.491E+05, 0.264E+05, 0.I09E+055

0.162E+04, 0.328E-06, 0.103E-05, 0.163E-05, 0.128E-08, 0.442E-095

0.167E-09

ENDS

1385 HEAT RATE ARRAY

0.314E-I0, 0.214E-I0, 0.I15E-09, 0.135E-08, 0.878E-07, 0.269E-075

0.689E+02, 0.115E+05, 0.297E+05, 0.569£+05, 0.874E+05, 0.374E+055

0.395E+05, 0.696E+05, 0.I07E+06, 0.923E+05, 0.715E+05, 0.365E+05$

0.497E+04, 0.418E-07, 0.101E-06, 0.135E-06, 0.930E-07, 0.103E-09$
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0.314E-i0

ENDS

1395 HEAT RATE ARRAY

0.736E-I0, 0.598E-10, 0.131E-09, 0.564E-09, 0.I03E-05, 0.313E-065

0.159E+02, 0.319E+04, 0.129E+05, 0.226E+05, 0.267E+05, 0.191E+055

0.353E+05, 0.362E+05, 0.337E+05, 0.258E+05, 0.157E+05, 0.715E+045

0.113E+04, 0.330E-06, 0.I04E-05, 0.148E-05, 0.110E-05, 0.202E-095

0.736E-10

ENDS

1405 HEAT RATE ARRAY

0.387E-I0, 0.283E-10, 0.169E-09, 0.294E-08, 0.874E-07, 0.267E-07$

0.688E+02, 0.I15E+05, 0.338E+05, 0.953E+05, 0.872E+05, 0.373E+055

0.392E+05, 0.693E+05, 0.I07E+06, 0.922E+05, 0.714E+05, 0.364E+055

0.494E+04, 0.390E-07, 0.978E-07, 0.133E-06, 0.136E-06, 0.I06E-095

0.387E-I0

ENDS

1415 HEAT RATE ARRAY

0.783E-10, 0.625E-I0, 0.143E-09, 0.211E-07, 0.I03E-05, 0.313E-065

0.152E+02, 0.305E+04, 0.125E+05, 0.247E+05, 0.254E+05, 0.178E+055

0.324E+05, 0.334E+05, 0.315E+05, 0.240E+05, 0.146E+05, 0.669E+045

0.I07E+04, 0.331E-06, 0.I04E-05, 0.148E-05, 0.159E-05, 0.216E-09S

0.783E-I0

ENF$

1425 HEAT RATE ARRAY

0.320E-I0, 0.246E-I0, 0.182E-09, 0.117E-06, 0.871E-07, 0.266E-075

0.687E+02, 0.I18E+05, 0.611E+05, 0.999E+05, 0.870E+05, 0.372E+055

0.389E+05, 0.689E+05, 0.I07E+06, 0.920E+05, 0.713E+05, 0.363E+055

0.489E+04, 0.341E-07, 0.933E-07, 0.130E-06, 0.136E-06, 0.276E-075

0.320E-I0

ENDS

1435 HEAT RATE ARRAY

0.786E-I0, 0.613E-I0, 0.151E-09, 0.138E-05, 0.I03E-05, 0.313E-065

0.141E+02, 0.286E+04, 0.138E+05, 0.234E+05, 0.234E+05, 0.162E+055

0.290E+05, 0.301E+05, 0.286E+05, 0.219E+05, 0.134E+05, 0.621E+045

0.101E+04, 0.331E-06, 0.I04E-05, 0.149E-05, 0.159E-05, 0.327E-065

0.786E-I0

ENDS

1445 HEAT RATE ARRAY

0.173E-10, 0.140E-10, 0.I18E-09, 0.125E-06, 0.868E-07, 0.264E-075

0.685E+02, 0.147E+05, 0.870E+05, 0.996E+05, 0.867E+05, 0.369E+055

0.383E+05, 0.683E+05, 0.106E+06, 0.916E+05, 0.711E+05, 0.362E+05$

0.484E+04, 0.298E-07, 0.896E-07, 0.127E-06, 0.135E-06, 0.I13E-065

0.173E-I0

ENDS

1455 HEAT RATE ARRAY

0.864E-I0, 0.670E-I0, 0.187E-09, 0.148E-05, 0.I03E-05, 0.313E-065

0.121E+02, 0.267E+04, 0.140E+05, 0.198E+05, 0.197E+05, 0.133E+055

0.230E+05, 0.253E+05, 0.243E+05, 0.184E+05, 0.I15E+05, 0.542E+045

0.899E+03, 0.330E-06, 0.104E-05, 0.149E-05, 0.159E-05, 0.134E-055

0.864E-I0

ENDS

1465 HEAT RATE ARRAY

0.I05E-07, 0.805E-II, 0.396E-07, 0.125E-06, 0.867E-07, 0.264E-075

0.759E+02, 0.242E+05, 0.869E+05, 0.995E+05, 0.866E+05, 0.368E+055

0.380E+05, 0.680E+05, 0.I06E+06, 0.915E+05, 0.711E+05, 0.362E+055

0.482E+04, 0.280E-07, 0.881E-07, 0.126E-06, 0.134E-06, 0.I15E-065

0.I05E-07

ENDS

1475 HEAT RATE ARRAY

0.124E-06, 0.709E-I0, 0.469E-06, 0.148E-05, 0.I03E-05, 0.312E-065

0.120E+02, 0.331E+04, 0.132E+05, 0.185E+05, 0.183E+05, 0.121E+055

0.207E+05, 0.230E+05, 0.225E+05, 0.171E+05, 0.108E+05, 0.513E+045

0.839E+03, 0.328E-06, 0.I04E-05, 0.149E-05, 0.159E-05, 0.137E-05$

0.124E-06
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ENDS

1485 HEAT RATE ARRAY

0.862E-07, 0.226E-07, 0.132E-06, 0.125E-06, 0.866E-07, 0.263E-075

0.909E+02, 0.242E+05, 0.868E+05, 0.993E+05, 0.864E+05, 0.366E+05$

0.377E+05, 0.677E+05, 0.I06E+06, 0.914E+05, 0.710E+05, 0.361E+05$

0.481E+04, 0.272E-07, 0.874E-07, 0.125E-06, 0.134E-06, 0.115E-065

0.862E-07

ENDS

1495 HEAT RATE ARRAY

0.I02E-05, 0.268E-06, 0.156E-05, 0.148E-05, 0.I03E-05, 0.312E-065

0.124E+02, 0.312E+04, 0.123E+05, 0.170E+05, 0.165E+05, 0.I07E+05$

0.178E+05, 0.200E+05, 0.200E+05, 0.154E+05, 0.992E+04, 0.474E+045

0.749E+03, 0.323E-06, 0.I04E-05, 0.149E-05, 0.159E-05, 0.137E-05$

0.I02E-05

ENDS

1505 HEAT RATE ARRAY

0.940E-07, 0.952E-07, 0.134E-06, 0.125E-06, 0.866E-07, 0.263E-07$

0.909E+02, 0.242E+05, 0.868E+05, 0.993E+05, 0.864E+05, 0°366E+05$

0.377E+05, 0.676E+05, 0.I06E+06, 0.914E+05, 0.710E+05, 0.361E+055

0.480E+04, 0.269E-07, 0.871E-07, 0.125E-06, 0.134E-06, 0.I15E-065

0.940E-07

ENDS

1515 HEAT RATE ARRAY

0.IIIE-05, 0.I13E-05, 0.159E-05, 0.148E-05, 0.I03E-05, 0.312E-06$

0.122E+02, 0.307E+04, 0.121E+05, 0.166E+05, 0.162E+05, 0.I04E+055

0.173E+05, 0.194E+05, 0.196E+05, 0.151E+05, 0.979E+04, 0.465E+045

0.706E+03, 0.319E-06, 0.103E-05, 0.148E-05, 0.159E-05, 0.137E-05S

0.111E-05

ENDS

1525 HEAT RATE ARRAY

0.940E-07, 0.115E-06, 0.134E-06, 0.125E-06, 0.866E-07, 0.263E-075

0.908E+02, 0.242E+05, 0.867E+05, 0.992E+05, 0.863E+05, 0.365E+055

0.375E+05, 0.674E+05, 0.105E+06, 0.912E+05, 0.709E+05, 0.361E+05$

0.480E+04, 0.266E-07, 0.869E-07, 0.125E-06, 0.134E-06, 0.I15E-065

0.940E-07

ENDS

1535 HEAT RATE ARRAY

0.111E-05, 0.137E-05, 0.159E-05, 0.148E-05, 0.I03E-05, 0.312E-06$

0.I13E+02, 0.288E+04, 0.I12E+05, 0.151E+05, 0.145E+05, 0.899E+04$

0.146E+05, 0.168E+05, 0.177E+05, 0.137E+05, 0.901E+04, 0.430E+045

0.636E+03, 0.316E-06, 0.I03E-05, 0.148E-05, 0.159E-05, 0.137E-055

0.111E-05

ENDS

1545 HEAT RATE ARRAY

0.940E-07, 0.I15E-06, 0.134E-06, 0.125E-06, 0.866E-07, 0.263E-07$

0.908E+02, 0.242E+05, 0.867E+05, 0.990E+05, 0.861E+05, 0.364E+055

0.372E+05, 0.672E+05, 0.105E+06, 0.911E+05, 0.709E+05, 0.361E+05$

0.479E+04, 0.265E-07, 0.867E-07, 0.125E-06, 0.134E-06, 0.115E-06$

0.940E-07

ENDS

1555 HEAT RATE ARRAY

0.111E-05, 0.137E-05, 0.159E-05, 0.148E-05, 0.I03E-05, 0.312E-06$

0.I04E+02, 0.268E+04, 0.I03E+05, 0.135E+05, 0.127E+05, 0.753E+045

0.I17E+05, 0.140E+05, 0.154E+05, 0.121E+05, 0.821E+04, 0.397E+045

0.570E+03, 0.314E-06, 0.103E-05, 0.148E-05, 0.159E-05, 0.137E-05$

O.IIIE-05

ENDS

1565 HEAT RATE ARRAY

0.000E+O0, 0.000E+O0, 0.000E÷O0, 0.000E+O0, O.O00E+O0, 0.000E+00S

0.899E+02, 0.239E+05, 0.110E+06, 0.193E+06, 0.209E+06, 0.170E+065

0.326E+06, 0.314E+06, 0.255E+06, 0.178E+06, 0.902E+05, 0.357E+05$

0.474E+04, 0.000E+00, O.000E+00, 0.O00E+00, O.000E+O0, 0.000E÷00$

O.O00E+O0

ENDS
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1575 HEAT RATE ARRAY

0.142E-07, 0.122E-07, 0.262E-07, 0.827E-07, 0.I14E-06, 0.899E-075

0.208E+04, 0.552E+06, 0.254E+07, 0.426E+07, 0.434E+07, 0.342E+075

0.635E+07, 0.595E+07, 0.459E+07, 0.274E+07, 0.147E+07, 0.628E+065

0.I09E+06, 0.269E-07, 0.597E-07, 0.688E-07, 0.501E-07, 0.295E-075

0.142E-07

ENDS

1585 HEAT RATE ARRAY

0o141E-07, 0.I17E-07, 0.247E-07, 0.696E-07, 0.126E-06, 0.469E-075

0.207E+04, 0.421E+06, 0.180E+07, 0.290E+07, 0.331E+07, 0.278E+075

0.572E+07, 0.617E+07, 0.522E+07, 0.392E+07, 0.208E+07, 0.824E+065

0.110E+06, 0.111E-06, 0.181E-06, 0.196E-06, 0.878E-07, 0.362E-075

0.141E-07

ENDS

1595 HEAT RATE ARRAY

0.161E-07, 0.134E-07, 0.252E-07, 0.539E-07, 0.I08E-06, 0.350E-075

0.207E+04, 0.401E+06, 0.210E+07, 0.388E+07, 0.430E+07, 0.358E+075

0.703E+07, 0.683E+07, 0.562E+07, 0.398E+07, 0.208E+07, 0.824E+065

0.110E+06, 0.968E-07, 0.162E-06, 0.189E-06, 0.938E-07, 0.405E-075

0.161E-07

ENDS

160S HEAT RATE ARRAY

0.193E-07, 0.178E-07, 0.3LIE-07, 0.732E-07, 0.975E-07, 0.765E-075

0.208E+04, 0.552E+06, 0.254E+07, 0.433E+07, 0.460E+07, 0.370E+075

0.703E+07, 0.661E+07, 0.525E+07, 0.357E+07, 0.161E+07, 0.598E+065

0.I09E+06, 0.161E-07, 0.453E-07, 0.643E-07, 0.622E-O7, 0.380E-075

0.193E-07

ENDS

1615 HEAT RATE ARRAY

0.131E-10, 0.813E-II, 0.289E-I0, 0.405E-09, 0.254E-08, 0.727E-085

0.124E+02, 0.166E+04, 0.280E+04, 0.379E+04, 0.385E+04, 0.318E+045

0.847E+04, 0.755E+04, 0.603E+04, 0.324E+04, 0.189E+04, 0.327E+045

0.271E+04, 0.351E-06, 0.387E-06, 0.223E-08, 0.109E-08, 0.165E-095

0.131E-10

ENDS

1625 HEAT RATE ARRAY

0.385E-I0, 0.302E-10, 0.657E-I0, 0.399E-09, 0.385E-06, 0.350E-065

0.514E+02, 0.333E+04, 0.482E+04, 0.660E+04, 0.629E+04, 0.473E+045

0.849E+04, 0.538E+04, 0.372E+04, 0.293E+04, 0.154E+04, 0.135E+045

0.650E+03, 0.693E-08, 0.144E-08, 0.371E-09, 0.228E-09, 0.940E-I05

0.385ET10

ENDS

1635 DIFFUSE HEAT ARRAY

0.000E+00, 0.000E+00, 0.000E+00, 0.000E+00, 0.582E-I0, 0.774E-085

0.587E-07, 0.546E+02, 0.793E+02, 0.799E+02, 0.888E+02, 0.888E+025

0.697E+02, 0.688E+02, 0.680E+02, 0.I05E+03, 0.824E+02, 0.685E+025

0.539E+02, 0.143E+02, 0.295E-09, 0.I13E-09, 0.112E-10, 0.000E+00$

0.000E+O0

ENDS

200 $ RHO*CP - ORBITER HEAT TILES

-250.,0.63, -150.,0.945, 0.,1.35, 250,1.89

END

201 $ RHO*CP - ET SOFI (SLA-561) NOSECAP

-400.,0.85, -200.,2.55, 0.,4.42, 100.,5.18, 200.,5.35

END

202 $ RHO*CP - ET SOFI (CPR488) IT, LO2 & LH2 BARRELS, LO20GIVE

-400.,0.36, -200.,0.372, -100.,0.384, 0.,0.432

100.,0.648, 200.,0.756

END

203 $ RHO*CP - ET SOFI (NFCI-22-65) LH2 AFT DOME

-400.,0.42, -200.,0.434, -100.,0.448, 0.,0.504

100.,0.756, 200.,0.882
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END

204

END

$ CP - ET SKIN -- AL 2219 & 2024 (LO2, LH2, IT,NC)

-400.,.04, -300.,0.1, -200.,.15, -i00.,.18

0.,.199, i00.,.205

THERMAL CONDUCTIVITY

300 $ K - ORBITER HEAT TILES

-250.,0.2796, -150.,0.30, 0.,0.33, 250.,0.4104

END

301 $ K - ET SOFI (SLA-561) NOSECAP

-400.,0.015, -200.,0.032, 0.,0.05, 100.,0.055

200.,0.06

END

302 $

END

303 $

END

304 $

END

305

END

K - ET SOFI (CPR488)

-400.,0.0035, -200.,0.008,

I00.,0.016

-i00.,0.01, 0.,0.013

K - ET SOFI (NFCI-22-65) AFT DOME

-400.,0.004, -200.,0.01, -I00.,0.013, 0.,0.016

100.,0.02

K - ET SKIN -- AL 2219 (LO2,LH2)

-400.,15., -300.,35., -200.,48., -100.,59.

0o,65., 100.,72.

$ K - ET SKIN -- AL 2024 (NC, IT)

-400.,20., -300.,38., -200.,50., -i00.,58.

0.,65., 100.,72.

501, 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.57,.57,.68,.92,.79, 16,.15,.16,.79,.92,.68, 57,.57,ENDS

502, 13,0.,I0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.S

1.0,.55,.55,.67,.92,.77, 23,.20,.23, 77,.92,.67, 55, .55,ENDS

503, 13,0.,10.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.56,.56,.68,.93,.76, 27,.24,.27, 76,.93,.68, 56,.56, ENDS

504, 13,0.,i0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.59,.59,.71,.94,.76, 30,.29,.30, 76, 94,.71, 59,.59, ENDS

505, 13,0.,I0.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.60,.59,.51,.43,.22, 54,.60,.66, 58, 36,.54, 61,.60, ENDS

506, 13,0.,I0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.64,.61,.46,.32,.29, 56,.58,.60, 54, 43,.61, 67,.64,ENDS

507, 13,0.,i0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.66,.63,.49,.36,.35, 50,.53,.56, 58, 51,.66, 69,.66, ENDS

508, 13,0.,I0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.69,.67,.54,.40,.40, 52,.61,.70, 55, 56,.72,.72,.69, ENDS

509, 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.59,.59,.63,.56,.64, 66,.94,.66, 64, 56,.63,.59,.59, ENDS

510, 13,0.,10.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.72,.72,.61,.57,.61, 73,.87,.73, 61, 57,.61, .72,.72,ENDS
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C

511, 13, 0., 10., 25., 50., i00., 150., 180., 210., 260., 310., 335., 350. , 360.5

1.0, .68,.68,.52, .64,.68, .60, .56, .60, .68, .64, .52, .68, .68,ENDS

512, 13, 0., i0., 25., 50., i00., 150., 180., 210., 260., 310., 335., 350., 360.$

1.0, .62, .62, .44, .61, .66, .60, .52, .60, .66, .61, .44, .62, .62,ENDS

513, 13, 0., I0., 25., 50., i00., 150., 180., 210.,260., 310., 335., 350., 360.$

1.0, .60,.61, .54, .36,.58,.66, .60,.54, .22, .43, .51,.59, .60,ENDS

514 13,0.,I0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.64,.67,.61,.43,.54,.60,.58,.56,.29,.32,.46,.61,.64,ENDS

515, 13,0.,I0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.$

I.O,.66,.69,.66,.51,.58,.56,.53,.50,.35,.36,.49,.63,.66,ENDS

516, 13,0.,10.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.5

1.0,.69,.72,.72,.56,.55,.70,.61,.52,.40,.40,.54,.67,.69,ENDS

517, 13,0.,I0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.S

1.0,.72,.72,.80,.96,.83,.40,.39,.40,.83,.96,.80,.72,.72,ENDS

518, 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,3"0.,335.,350.,360.$

1.0,.74,.69,.57,.46,.45,.54,.70,.86,.58,.69,.85,.78,.74,ENDS

519, 13,0.,i0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350.,360.5

1.0,.47,.47,.35,.58,.65,.70,.71,.70,.65,.58,.35, .47,.47,ENDS

520, 13,0.,i0.,25.,50.,i00.,150.,180.,210.,260.,310.,335.,350. 360.$

1.0,.74,.78,.85,.69,.58,.86,.70,.54,.45,.46,.57,.69,.73,ENDS

521, 13,0.,I0.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.$

I.O,.81,.81,.87,.97,.90,.49,.45,.49,.90,.97,.87,.81,.81,END$

522, 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.$

I.O,.73,.66,.56,.47,.45,.53,.71,.90,.65,.76,.91,.81,.73,END$

523 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.S

1.0,.37,.37,.35,.59,.67,.79,.80,.79,.67,.59,.35,.37,.37,ENDS

524 13,0.,10.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.$

1.0,.73,.81,.91,.76,.65,.90,.71,.53,.45,.47,.56,.66, .73,ENDS

525, 13,0.,I0.,25.,50.,i00.,150. 180.,210.,260.,310.,335.,350. 360.5

1.0,.51,.51,.58,.81,.91,.91,.89,.91,.91,.81, .58,.51,.51,ENDS

526, 13,0.,i0.,25.,50.,I00.,150. 180.,210.,260.,310.,335.,350.,360.5

1.0,.90,.84,.76,.67,.59,.82,.95,1.1,.76,.88,1.0,.96,.90,ENDS

527, 13,0.,10.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.5

1.0,.86,.86,.93,1.0,1.1,.73,.70,.73,1.1,1.O,.93,.86,.86,END$

528, 13,0.,I0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.5

1.0,.90,.96,1.0,.88,.76,1.I,.95,.82,.59,.67,.76,.84, .90,ENDS

529, 13,0.,10.,25.,50.,100.,150. 180.,210.,260.,310.,335.,350.,360.S

1.0,.78,.78,.89,1.I,i.2,1.I, .1,1.1,1.2,1.1,.89,.78,.78,ENDS

530, 13,0.,10.,25.,50.,i00.,150. 180.,210.,260.,310.,335.,350.,360.5

1.0,1.1,1.1,1.0,.97,.87,1.2, .2,1.2,.95,1.1,1.2,1.2,1.1,ENDS

531, 13,0.,I0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350.,360.$

I.O,.96,.96,1.0,1.1,1.2,1.0,.96,1.O,I.2,1.1,1.0,.96,.96,END$
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C

532, 13, D., i0., 25., 50., I00., 150., 180., 210.,260., 310., 335., 350., 360.5

1.0, I.i,i.2,1.2,1.I,.95,1.2, 1.2,1.2, .87, .97, 1.0,i.0, I.I,END$

533, 13, 0., 10., 25., 50., 100., 150., 180., 210.,260., 310., 335., 350., 360.$

1.0, .52, .52, .61,.97,1.0,.48, .73, .48, 1.0, .97, .61,.52, .52,ENDS

534, 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350. 360.$

1.0, .86, .87, .83, .78,.46, .49,.48, .46, .92, .79, .78, .85, .86, ENDS

535, 13,0.,i0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350. 360.$

1.0, .78,.78,.89, i.i,i.0, .20, .17, .20,1.0, i.I,.89, .78, .78,ENDS

536, 13,0.,I0.,25.,50.,I00.,150.,180.,210.,260.,310.,335.,350. 360.$

1.0, .86, .85, .78, .79,.92, .46, o48, .49, .46, .78, .83, .87, o86, END$

537, 13,0.,10.,25.,50.,100.,150.,180.,210.,260.,310.,335.,350.,360.5

1.0,1.2,1.2,1.3,1.4,1.6,1.4,1.4,1.4,1.6,1.4,1.3,1.2,1.2,ENDS

SRB'S WIND FACTOR

601, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

I.O,.56,.26,.76,.19,.46,1.1,1.1,1.1,.46,.19,.76,.26,.56,END$

602, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

I.O,.73,1.1,.68,.81,.49,1.2,.84,.50,.25,.62,.37,.43,.73,END$

603, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0,1.O,I.I,.79,.50,.60,.59,.81,.59,.60,.50,.79,1.1,1.0,END$

604, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

I.O,I.I,.43,.37,.62,.25,.50,1.3,1.2,.49,.81,.68,1.1,1.I,ENDS

605, 13,0.,30.,60.,90.,120.,150.,180.,210 ,240.,270.,300.,330.,360.$

1.0,.31,.25,.62,.18,.34,.84,.76,.84,.34,.18,.62, .25,.31,ENDS

606, 13,0.,30.,60.,90.,120.,150.,180.,210 ,240.,270.,300.,330.,360.$

1.0,.31,.25,.62,.18,.34,.84,.76,.84,.34,.18,.62,.25,.31,ENDS

607, 13,0.,30.,60.,90.,120.,150.,180.,210 ,240.,270.,300.,330.,360.5

1.0,.30,.22,.45,.22,.23,.69,.62,.69,.23,.22,.45,.22,.30,ENDS

608, 11,0.,30.,60.,90.,120.,150.,180.,210. 240.,270.,300.,330.,360.$

1.0,.30, 19,.29,.27,.14,.60,.49,.60,.14,.27,.29, .19,.30,ENDS

609, 13,0.,30.,60.,90.,120.,150.,180.,210. 240.,270.,300.,330.,360.$

1.0,.34, 25,.12,.24,.19,.60,.64,.60,.19,.24,.12,.25,.34,ENDS

610, 13,0.,30.,60.,90.,120.,150.,180.,210. 240.,270.,300.,330.,360.$

1.0,.33, 28,.19,.20,.13,.52,.67,.52,.13,.20,.19,.28,.33,ENDS

611, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.23, 30,.58,.23,.21,.36,.42,.36,.21,.23,.58,.30,.23,ENDS

612, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.S

1.0,.97, 95,.56,.43,.31,1.O,I.I,.85,.23,.45,.43,.70,.97,END$

613, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.97, 95,.56,.43,.31,1.0,1.1,.85,.23,.45,.43,.70,.97,ENDS

614, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.S

1.0,.93, 96,.51,.25,.24,.92,1.0,.75, .23,.32,.45,.65, .93,ENDS

615, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.S

1.0,.89,.96,.46,.08,.18,.82,.89,.73, .25,.22,.49,.61, .89, ENDS
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C

616, 13, b., 30., 60., 90., 120., 150., 180., 210.,240., 270., 300., 330., 360-$

1.0, .88, .97,.47, .12,.29, .49, .88, .69,.31, .23, .30, .62, .88,ENDS

617, 13, 0., 30., 60., 90., 120., 150., 180., 210.,240., 270., 300., 330., 360.$

1.0,.87,.96, .57,.17,.34,.12,.78,.57,.31, .31, .50,.64, .87,ENDS

618, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360-$

1.0, .91, .96, .61, .25, .25, .19, .59, .46, .26, .45, .72, .83, .91,ENDS

619, 13,0., 30., 60., 90., 120., 150., 180., 210., 240., 270., 300., 330., 360-5

1.0, .98,1.I,.76, .30,.49, .28,.31, .28,.49, .30, .76,1.I, .98,ENDS

620, 13, 0., 30., 60., 90., 120., 150., 180., 210.,240., 270., 300., 330., 360.$

1.0,.98,1.i, .76, .30,.49,.28, .31,.28, .49, .30, .76,1.I, .98,ENDS

621, 13, 0., 30., 60., 90., 120., 150., 180., 210., 240., 270., 300., 330., 360.$

1.0, .96,1.0, .70, .20, .47, .29, .26, .29, .47, .20, .70,1.0, .96, ENDS

622, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.95,1.O,.64,.II,.44,.31,.22,.31,.44,.II,.64,1.0,.95,END$

623 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330-,360.5

1.0,.93,1.O,.68,.12,.42,.30,.28,.30,.42,.12,.68,1.0,.93,END$

624 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.92,1.0,.75,.23,.36,.27,.28,.27,.36,.23,.75,1.0,.92,ENDS

625, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.88,1.0,1.0,.60,.20,.18,.26,.18,.20,.60,1.0,1.0,.88,ENDS

626, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.1,.70,.43,.45,.23,.85,1.2,1.0,.31,.43,.56,.95,1.1,ENDS

627, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.1,.70,.43,.45,.23,.85,1.2,1.0,.31,.43,.56,.95,1.1,ENDS

628, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.S

1.0,1.1,.65,.45,.32,.23,.75,1.2,.92,.24,.25,.51,.96,1.1,ENDS

629, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

I.O,I.I,.61,.49,.22,.25,.73,1.2,.82,.18,.10,.46,.96,1.I,END$

630 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.1,.62,.30,.23,.31,.69,1.1,.49,.29,.12,.47,.97,1.1,ENDS

631 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330-,360-$

I.O,I.I,.64,.50,.31,.31,.57,.49,.12,.34,.17,.57,.96,1.I,END$

632, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.1,.83,.72,.45,.26,.46,.13,.19,.25,.25,.61,.96,1.1,ENDS

633, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.23,.47,.92,.90,.70,.23,.40,.23,.70,.90,.92,.47,.23,ENDS

634, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.28,.50,.91,1.2,.76,.22,.44,.22,.76,1.2,.91,.50,.28,ENDS

635, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

I.O,I.I,.96,.53,.32,.19,.26,.29,.28,.49,.56,.67,-98,1.I,END$

636, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0,1.0,.93,.50,.38,.22,.28,.27,.21,.47,.52,.54,.92,1.0,ENDS

637, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360-5
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1.0, .86,1.2,1.3, .82, .38, .16, .23,.16, .38, .82, 1.3,1.2, .86, ENDS

638, 13' 0'' 30'' 60" 90'' 120., 150., 180., 210.,240., 270., 300., 330., 360.$

1.0, .83,1.2,1.3, .80,.39, .20,.20, .20, .39, .80,1.3, 1.2, .83,ENDS

639, 13'0''30''60''90''120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0, I.i,.98, .67,.56, .49,.28, .17,.26, .19, .32, .53,.96,1.1,ENDS

640, 13'0"'30''60",90.,120.,150.,180.,210.,240.,270.,300 ,330.,360.$

1.0, .99,.92, .54, .52,.47, .21,.31, .28, .22, .38, .50, .93, .99,ENDS

641, 13" 0'' 30'' 60" 90'' 120., 150., 180., 210.,240., 270., 300., 330., 360.$

1.0, .37, .54, .83,1.1, .46, .55, .56, .55, .46,1.I, .83, .54, .37,ENDS

642, 13'0''30''60",90-,120.,150.,180.,210.,240.,270.,300. 330.,360.$

1.0, .85,.88, .55, .46,.33, .29, .76, .60, .41, .62, .66, .90, .85,ENDS

643, 13'0''30''60",90.,120.,150.,180.,210.,240.,270.,300. 330.,360.$

1.0, .80,1.I,I.2,.65,.20, .27, .33, .27, .20,.65, 1.2,1.I, .80,ENDS

644, 13'0''30"'60",90.,120.,150.,180.,210.,240.,270.,300. 330.,360.$

1.0,.82,.90,.66,.62,.41, .60,.59, .29, .33, .46,.55, .88,.82,ENDS

645, 13' 0'' 30" 60" 90'' 120., 150., 180., 210.,240., 270., 300., 330., 360.$

1.0, .82, .98, .88, .75,.44, .86, i.i, .86, .44, .75, _88, .98, .82,ENDS

646, 13'0''30''60''90"'120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0, 1.2,1.2, .77, .44,.69, 1.2,1.3,1.i, .71, .73, .83, 1.1,1.2,ENDS

647, 13'0''30''60''90"'120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0, .95,.86, .73, .82,.81, .96, .83, .96, .81, .82, .73, .86, .95,ENDS

648, 13' 0'' 30"" 60"' 90", 120., 150., 180., 210.,240., 270., 300., 330., 360.$

1.0, 1.0, i.i, .83, .73, .71, i.i, .90, 1.2, .69, .44, .77,1.2,1.0,ENDS

649, 13' 0"" 30'' 60'' 90", 120., 150., 180., 210., 240., 270., 300., 330., 360.$

1.0, .37,.40, .64, .71, .31, .58, .69, .58, .31, .71, .64, .40, .37,ENDS

650, 13' 0'' 30'' 60'' 90", 120., 150., 180., 210.,240., 270., 300. , 330., 360.$

1.0, .37,.40, .64, .71, .31, .58, .69, .58, .31, .71, .64, .40, .37,ENDS

651, 13' 0"' 30'' 60'' 90", 120., 150., 180., 210., 240., 270., 300., 330., 360.$

1.0, .34, .43,.62, .65,.34, .51, .55, .51, .34, .65, .62, .43, .34,ENDS

652, 13'0''30''60",90-,120.,150.,180.,210.,240.,270.,300.,330 ,360.$

1.0, .31,.46, .61, .60,.38, .46, .44, .46, .38, .60, .61, .46, .31,ENDS

653, 13' 0'' 30'' 60", 90., 120., 150., 180., 210., 240., 270., 300., 330., 360.$

1.0,.46, .48,.51, .55,.53, .59, .63, .59, .53, .55, .51, .48, .46,ENDS

654, 13'0''30''60-,90.,120.,150.,180.,210.,240.,270.,300.,330. 360.S

1.0, .48,.44, .52, .62,.57, .70, .67, .70, .57, .62, .52, .44, .48,ENDS

655, 13'0''30",60.,90.,120.,150.,180.,210.,240.,270.,300.,330. 360.$

1.0, .32, .36, .69, .89,.79, .45, .40, .45, .79, .89, .69, .36, .32,ENDS

656, 13'0''30",60.,90.,120.,150.,180.,210.,240.,270.,300.,330. 360.$

1.0, 1.3,1.I, .65,.45,.62,1.3, 1.3,1.3, .67, .50, .66, 1.2, 1.3,ENDS

657, 13' 0'' 30-, 60., 90., 120., 150., 180., 210., 240., 270., 300., 330., 360.$

1.0, 1.3,1.i, .65, .45,.62,1.3, 1.3, 1.3, .67, .50, .66, .23, 1.3,ENDS

658, 13" 0"" 30", 60., 90., 120., 150., 180., 210.,240., 270. , 300., 330., 360.$

1.0, 1.3, I.I, .57, .54, .68, 1.2, 1.3, 1.3, .72, .51, .59, 1.2, 1.3,ENDS
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C

659, 13, 0., 30., 60., 90., 120., 150., 180., 210., 240., 270., 300., 330., 360.$

1.0,1.3, .99, .50, .63, .74,1.I,i.3,1.3, .76, .52, .52,1.2,1.3,ENDS

660, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.3, .94, .37, .58, .78,1.0,1.2,1.2, .83, .52, .45, I. I, 1.3, END$

661, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

I.O,I.2,.88,.32,.58,.76,.99,.55,.87,.83,.52,°42,1.1,1.2,END$

662, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.2,.84,.54,.73,.71,.79,.12,.34,.80,.54,.41,1.0,1.2,ENDS

663, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.68,.59,.67,.77,.55,.32,.35,.32,.55,.77,.67,.59,.68,ENDS

664 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0,.68,.59,.67,.77,.55,.32,.35,.32,.55,.77,.67,.59,.68,ENDS

665, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.62,.49,.64,.78,.56,.32,.28,.32,.56,.78,.64,.49,.62,ENDS

666, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0,.57,.41,.62,.79,.58,.32,.22,.32,.58,.79, °62,.41,.57,ENDS

667, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

I.O,.54,.36,.62,.80,.65,.27,.27,.27,.65,.80,.62,.36,.54,END$

668, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330. 360.$

1.0,.51,.34,.64,.82,.69,.30,.28,.30,.69,.82,.64,.34,.51,ENDS

669, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330. 360.5

1.0,.51,.46,.40,.93,.72,.27,.29,.27,.72, .93,.80,.46,.51,ENDS

670, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.1,1.2,.66,.50,.67,1.3,1.1,1.3,.62,.45,.65,1.1,1.I,END$

671 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,1.1,1.2,.66,.50,.67,1.3, I.I,I.3,.62,.45,.65,1.1,1.I,END$

672 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

I.O,I.I,I.2,.59,.51,.72,1.3,1.O,I.2,.68,.54,.57,1.1,1.I,END$

673, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330. 360.$

1.0,1.1,1.2,.52,.52,.76,1.3,.89,1.1,.74,.63,.50,.99,1.1,ENDS

674, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.5

1.0,1.1,1.1,.45,.52,.83,1.2,.89,1.0,.78,.58,.37,.94,1.I,END$

675, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,I.0,I.i, .42,.52,.83,.87,.81,.99,.76,.58,.32,.88,1.O,END$

676, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.96,1.0,.41,.54,.80,.34,.62,.79,.71,.73,.54,.84,.96,ENDS

677, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360.$

1.0,.20,.38,.95,1.3,1.0,.25,.36,.25,1.1,1.3,.95,.38,.20,ENDS

678, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330.,360-5

I.O,.21,.34,.88,1.2,.88,.20,.34,.20,.88,1.2,.88,.34,1.0,END$

679, 13,0.,30.,60.,90.,120.,150.,180.,210.,240.,270.,300.,330-,360.5

1.0,.51,.46,.40,.93,.72,.27,.29,.27,.72,.93,.80,.46,.51,ENDS
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, I°000E O,QI019 )$

,I.O00E 0,QI020 )$

,I.000E 0,QI033 )$

,I.000E 0,QI034 )$

,I.000E 0,QI035 )$

,I.O00E 0,QI036 )$

,I.000E 0,QI025 )$

,I.O00E 0,QI026 )$

,I.O00E 0,QI027 )$

,l.O00i 0,QI028 )$

,I.O00E 0,QI037 )$

,I.O00E 0,Q12045 )$

,I.000E 0,Q12046 )$

,I.000E 0,Q12047 )$

,I.000E 0,Q12048 )$

,I.000E 0,Q12049 )$

,I.O00E 0,Q12050 )$

,I.000E 0,Q12051 $

,I.000E 0,Q12052 $

,I.000E 0,Q12053 $

,I.O00E 0,Q12054 $

,I.000E 0, Q12055 $

,I.000E 0,Q12056 $

,I.000E 0,Q12057 $

,I.000E 0,Q12058 )

,I.000E 0,Q12059 )$

,I.000E 0,Q12060 )$

,I.O00E 0, Q12061 )$

,I.000E 0,Q12062 )$

,I.000E 0,Q12063 )$

,I.000E 0,Q12064 )$

,I.O00E 0,Q12065 )$

,I.O00E 0,Q12066 )$

,I.000E 0,Q12067 )$

,I.000E 0,Q12068 )$

,I.000E 0,Q12069 )$

,I.000E 0,Q12070 )$

,I.000E 0,Q12071 )$

,I.000E 0, Q12072 )$

,I.000E 0,Q12073 )$

,I.000E 0,Q12074 )$

,I.O00E 0,Q12075 )$

,I.O00E 0,Q12076 )$

,I.000E 0,Q12077 )$

,I.000E 0,Q12078 )$

• I.O00E 0,Q12079 )$

,I.000E 0,Q12080 )$

,I.O00E 0,Q12081 )$

,I.000E 0,Q12082 )$

,I.O00E 0,Q12083 )$

,I.000E 0, Q12084 )$
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DAIIMC(2".40000000E

DAIIMC(2.40000000E

DAIIMC(2.400000OOE

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.400000OOE

DAIIMC(2.400000OOE

DAIIMC(2.40000000E

DAIIMC(2.40000OOOE

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.400000OOE

DAIIMC (2. 40000000E

DAIIMC (2. 40000000E

DAIIMC (2. 40000000E

DAIIMC(2 40000000E

DAIIMC(2 40000000E

DAIIMC(2 40000000E

DAIIMC(2 40000000E

DAIIMC(2 40000000E

DAIIMC(2 40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000OOOE

DAIIMC(2.40OO0000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC{2.40000OOOE

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAIIMC(2.40000000E

DAI IMC (2 .40000000E

DAIIMC (2. 40000000E

DAIIMC(2 40000000E

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

DAIIMC(2

40000000E

40000000E

40000000E

40000000E

40000000E

40000000E

40000000E

40000000E

40000000E

400000OOE

DAIIMC(2 40000000E

DAIIMC(2.40000000E

DAIIMC(2.400000OOE

DAIIMC(2.40OOO000E

DAIIMC(2.4OO00000E

DAIIMC(2.4OOOOOOOE

DAIIMC{2.40000000E

DAIIMC (2 .40000000E

DAI IMC (2. 40000000E

DAIIMC (2 .40000000E

DAIIMC(2.400OOOOOE

DAIIMC(2.40000000E

DAIIMC!2.40000000E

i, TIMEM, A1

i, TIMEM, A1

I, TIMEM, A1

1, TIMEM, A1

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM,AI

i, TIMEM, A1

i, TIMEM, A1

i, TIMEM, A1

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM,AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM,AI

I,TIMEM,AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM,AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

I,TIMEM, AI

A81

A82

A83

A84

A85

A86

A87

A88

A89

A90

Agl

A92

A93

.A94

.A95

.A96

.A97

,A98

,A99

,AI00

,AI01

AI02

A103

AI04

AI05

A106

AI07

AI08

AI09

All0

Alll

All2

All3

All4

All5

.All6

.All7

,All8

,All9

,A120

Ai21

A122

A123

A124

A125

A126

A127

A128

A129

AI30

AI31

A132

A133

A134

A135

A136

A137

,A138

,A139

AI40

,AI41

A142

A143

A144

1.000E

1.000E

1.000E

1 000E

1 000E

1 000E

,i 000E

1 000E

I 000E

1 000E

1.000E

I.O00E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

I.O00E

1.000E

1.000E

1.000E

1.000E

1.000E

,I 000E

I 0OOE

1 000E

1 000E

1 000E

1 000E

1 000E

1 000E

1 000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

1.000E

I.O00E

1.000E

,I.000E

,I.000E

,I.000E

,I.000E

,I.000E

,I.000E

,I.000E

,I.000E

0,QI2001 )$

0,Q12002 )$

0,Q12003 )$

0,Q12004 $

0,Q12005 $

0,Q12006 $

0,Q12007 $

0,Q12008 $

0,Q12009 $

0,QI2010 $

0,QI2011 $

0,Q12012 $

0,Q12013 $

0,Q12014 $

0,Q12015 $

0,Q12016 $

0,Q12017 $

0,Q12018 $

0,Q12019 $

0,Q12020 $

0,Q12021 $

0,Q12022 )$

0,Q12023 )$

0,Q12024 )$

0,Q12025 $

0,Q12026 $

0,Q12027 $

0,Q12028 $

0,Q12029 $

0,Q12030 $

0,Q12031 $

0,Q12032 $

0,Q12033 $

0,Q12034 $

0,Q12035 $

0,Q12036 $

0,Q12037 $

0,Q12038 $

0,Q12039 5

0,Q12040 $

0,Q12085 $

0,Q12086 $

0,Q12087 )$

0,Q12088 )$

0,Q12041 )$

0,Q12042 )$

0,Q12043 $

0,Q12044 $

0,Q500 S

0,Q501 $

0,Q502 $

0,Q503 $

0,QI029 $

0,QI030 $

0,QI031 $

0,QI032 5

0,Q6000 $

0,Q6001 $

0,Q6010 $

0,Q6011 $

0,Q6020 $

0,Q6021 $

0,Q6030 )$

0,Q6031 )5
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M XK2083aTI2046

M XK2084-TI2047

M XK2085-TI2048

M XK2086-TI2049

M XK2087-TI2050

M XK2088-TI2051

M XK2089-TI2052

M XK2090-TI2053

M XK2091-TI2054

M XK2092-TI2055

M XK2093-TI2056

M XK2094nTI2057

M XK2095-TI2058

M XK2096-TI2059

M XK2097-TI2060

M XK2098-TI2061

M XK20991TI2062

M XK2100-TI2063

M XK2101-TI2064

M XK2102-TI2065

M XK2103-TI2066

M XK2104aTI2067

M XK2105-TI2068

M XK2106-TI2069

M XK2107-TI2070

M XK2108-TI2071

M XK2109-TI2072

M XK2110-TI2073

M XK2111-TI2074

M XK2112-TI2075

M XK2113-TI2076

M XK2114-TI2077

M XK2115=TI2078

M XK2116zTI2079

M XK2117=TI2080

M XK2118-TI2081

M XK2119=TI2082

M XK2120-TI2083

M XK2121=TI2084

M XK2122_TI2085

M XK2123zTI2086

M XK21241TI2087

M XK2125sTI2088

C XKIOI,XKI37-LOCAL WIND

M XK262-I.0

D2DEGI(XK260, XK262,A501,XKI351)

D2DEGI(XK260,XK262,A502,XKI352)

D2DEGI(XK260, XK262,A503,XKI353)

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

(XK260, XK262,A504,XKI354)

(XK260, XK262,AS05,XKI355)

(XK260, XK262,A506,XKI356)

(XK260, XK262,A507,XKI357)

(XK260, XK262,A508,XKI358)

(XK260,XK262,A509, XKI359)

(XK260,XK262,A510,XKI360)

(XK260, XK262,A511,XKI361)

(XK260, XK262,A512,XKI362)

(XK260, XK262,A513,XKI363)

D2DEGI(XK260, XK262,A514,XKI364)

D2DEGI(XK260, XK262,A515,XKI365)

D2DEGI(XK260, XK262,A516,XKI366)

D2DEGI(XK260,XK262, A517,XKI367)

D2DEGI(XK260, XK262,A518,XKI368}

D2DEGI(XK260,XK262,A519,XKI369)

D2DEGI(XK260, XK262,A520,XKI370)
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D2DEGl(XK260,XK262,A521,XKI371)

D2DEGI(XK260,XK262,A522,XKI372)

D2DEGl(XK260,XK262,A523,XK1373)

D2DEGI(XK260,XK262,A524,XK1374)

D2DEGl(XK260,XK262,A525,XKI375)

D2DEGI(XK260,XK262,A526,XK1376)

D2DEGI(XK260,XK262,A527,XKI377)

D2DEGI(XK260,XK262,A528,XKI378)

D2DEGI(XK260, XK262,A529,XKI379)

D2DEGI(XK260,XK262,A530,XKI380)

D2DEGl(XK260, XK262,A531,XK1381)

D2DEGI(XK260, XK262,A532,XKI382)

D2DEGI(XK260,XK262,A533,XKI383)

D2DEGl(XK260,XK262oA534,XKI384)

D2DEGI(XK260, XK262,A535,XKI385)

D2DEGl{XK260, XK262,A536,XKI386}

D2DEGI(XK260,XK262,A537,XKI387)

C SRB'S WIND FACTOR

C RIGHT SRB

D2DEGI(XK260, XK262,A601,XKI388)

D2DEGI(XK260,XK262,A602,XKI389)

D2DEGI(XK260,XK262,A603,XKI390)

D2DEGI(XK260, XK262,A604,XKI391)

C LEFT SRB

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260

D2DEGI(XK260

XK262,A605,XKI392)

XK262,A606,XKI393)

XK262,A607,XKI394)

XK262,A608,XKI395)

XK262,A609,XKI396)

XK262,A610,XKI397)

XK262,A611,XKI398)

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

(XK260 XK262,A612,XKI399)

(XK260 XK262,A613,XKI400)

(XK260,XK262,A614,XK1401)

(XK260, XK262,A615,XK1402)

(XK260,XK262,A616,XKI403)

(XK260,XK262,A617,XKI404)

(XK260,XK262,A618,XKI405}

(XK260,XK262,A619,XKI406)

(XK260, XK262,A620,XKI407)

(XK260,XK262,A621,XK1408}

D2DEGI(XK260, XK262,A622,XKI409)

D2DEGI(XK260,XK262,A623,XKI410)

D2DEGI(XK260,XK262,A624,XKI411)

D2DEGl{XK260, XK262,A625,XKI412)

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI{XK260,

D2DEGl(XK260,

XK262,A626,XKI413)

XK262,A627,XKI414)

XK262,A628,XKI415)

XK262,A629,XKI416)

XK262,A630,XKI417)

XK262,A631,XKI418)

XK262,A632,XKI419)

XK262,A633,XKI420)

XK262,A634,XKI421)

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

(XK260,XK262,A635,XKI422)

(XK260,XK262,A636,XKI423)

(XK260, XK262,A637,XKI424)

(XK260, XK262,A638,XKI425)

(XK260,XK262,A639,XKI426)

{XK260,XK262,A640,XKI427)

D2DEGI(XK260,XK262,A641,XKI428)

D2DEGI(XK260,XK262,A642,XKI429)

D2DEGI(XK260,XK262,A643,XKI430)

D2DEGI(XK260,XK262,A644,XKI431)

D2DEGI(XK260,XK262,A645,XKI432)

D2DEGI{XK260,XK262,A646,XKI433)

D2DEGI(XK260, XK262,A647,XKI434)
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M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

XK2018=TI018

XK2019=TI019

XK2020=TI020

XK2021-TI021

XK2022_TI022

XK2023=TI023

XK2024_TI024

XK2025-TI025

XK2026_TI026

XK2027=TI027

XK2028=TI028

XK2029-TI029

XK2030-TI030

XK2031=TI031

XK2032=TI032

XK2033-TI033

XK2034=TI034

XK2035=TI035

XK2036-TI036

XK2037=TI037

XK2038=TI2001

XK2039=TI2002

XK2040=TI2003

XK2041=TI2004

XK2042=TI2005

XK2043=TI2006

XK2044=TI2007

XK2045=TI2008

XK2046=TI2009

XK2047=TI2010

XK2048_TI2011

XK2049=TI2012

XK2050=TI2013

XK2051=TI2014

XK2052=TI2015

XK2053=TI2016

XK2054=TI2017

XK2055=TI2018

XK2056=TI2019

XK2057=TI2020

XK2058=TI2021

XK2059=TI2022

XK2060=TI2023

XK2061=TI2024

XK2062=TI2025

XK2063=TI2026

XK2064=TI2027

XK2065-TI2028

XK2066=TI2029

XK2067=TI2030

XK2068=TI2031

XK2069=TI2032

XK2070=TI2033

XK2071=TI2034

XK2072=TI2035

XK2073=TI2036

XK2074=TI2037

XK2075=TI2038

XK2076=TI2039

XK2077=TI2040

XK2078=TI2041

XK2079=TI2042

XK2080=TI2043
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M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C==

C

M

XK2081-T{2044

XK2082-TI2045

XK2083-TI2046

XK2084-TI2047

XK2085-TI2048

XK2086"T12049

XK2087-TI2050

XK2088-TI2051

XK2089-TI2052

XK2090-TI2053

XK2091-TI2054

XK2092-TI2055

XK2093-TI2056

XK2094=TI2057

XK2095-TI2058

XK2096-TI2059

XK2097=TI2060

XK2098-TI2061

XK2099-TI2062

XK2100-TI2063

XK2101-TI2064

XK2102-TI2065

XK2103-TI2066

XK2104-TI2067

XK2105=TI2068

XK2106-TI2069

XK2107-TI2070

XK2108-TI2071

XK2109-TI2072

XK2110=TI2073

XK2111=TI2074

XK2112-TI2075

XK2113-TI2076

XK2114-TI2077

XK2115=TI2078

XK2116-TI2079

XK2117=TI2080

XK2118=TI2081

XK2119=TI2082

XK2120=TI2083

XK2121=TI2084

XK2122=TI2085

XK2123=TI2086

XK2124=TI2087

XK2125=TI2088

XKI01,XKI37-LOCAL WIND

XK262=I.0

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

XK262,A501,XKI351)

XK262,AS02,XKI352)

XK262,A503,XKI353)

XK262,A504,XKI354)

XK262,A505,XKI355)

XK262,A506, XKI356)

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

D2DEGI

(XK260, XK262,A507,XKI357)

(XK260, XK262,A508,XKI358)

(XK260,XK262,A509,XKI359)

(XK260, XK262,A510,XKI360)

(XK260, XK262,ASII,XKI361)

(XK260,XK262,A512,XKI362)

(XK260,XK262,ASI3,XKI363)

_XK260, XK262,A514,XKI364)
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D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

XK262,A515,XKI365)

XK262,A516,XKI366)

XK262,A517,XKI367)

XK262,ASIS,XKI368)

XK262,A519,XKI369)

XK262,A520,XKI370)

XK262,A521,XKI371)

XK262,A522,XKI372)

XK262,A523,XKI373)

XK262,A524,XKI374)

XK262,A525,XKI375)

XK262,A526,XKI376)

XK262,A527,XKI377)

XK262,A528,XKI378)

XK262,A529,XKI379)

XK262, A530, XKI380)

XK262, A531, XKI381)

XK262, A532, XK1382)

XK262,A533,XKI383)

XK262,A534,XKI384)

XK262,A535,XKI385)

D2DEGI(XK260, XK262,A536,XKI386)

D2DEGI(XK260, XK262,A537,XKI387)

SRB'S WIND FACTOR

RIGHT SRB

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260, XK262

D2DEGI(XK260, XK262

D2DEGI(XK260, XK262

D2DEGI(XK260, XK262

D2DEGI(XK260,XK262

D2DEGI(XK260, XK262

D2DEGI(XK260,XK262

D2DEGI(XK260, XK262

D2DEGI(XK260, XK262

D2DEGI(XK260,XK262

D2DEGI(×K260,×K262

D2DEGI(XK260,XK262

D2DEGI(×K260,XK262

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(×K260, XK262,

D2DEGI(XK260,XK262,

D2DEGI(×K260,XK262,

D2DEGI(XK260, XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,MK262,

D2DEGI(XK260,×K262,

D2DEGI(XK260,×K262,

D2DEGI(XK260,×K262,A627,XKI414)

D2DEGI(XK260, XK262,A628,XKI415)

D2DEGI(XK260,XK262,A629,XKI416)

D2DEGI(XK260,XK262,A630,XKI417)

D2DEGI(XK260, XK262,A631,XKI418)

D2DEGI(XK260, XK262,A632,×KI419)

D2DEGI(XK260, XK262,A633,×KI420)

D2DEGI(XK260, XK262,A634,XKI421)

D2DEGI(XK260, XK262,A635,×KI422)

D2DEGI(XK260, XK262,A636,XKI423)

D2DEGI(MK260, XK262,A637,XKI424)

D2DEGI(×K260, XK262,A638,XKI425)

D2DEGI!XK260, XK262,A639,XKI426)

A601,XKI388)

A602,XKI389)

A603,XKI390)

A604,XKI391)

A605,XKI392)

A606,XKI393)

A607,XKI394)

A608,×KI395)

A609,XKI396)

A610,XKI397)

A611,XKI398)

A612,XKI399)

A613,XKI400)

A614,XKI401)

A615,XKI402)

A616,XKI403)

A617,XKI404)

A618,XKI405)

A619,XKI406)

A620,XKI407)

A621,XKI408)

A622,XKI409)

A623,XKI410)

A624,XKI411)

A625,XKI412)

A626,XKI413)
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C LEFT SRB

C

M

M

M

M

M

M

F

C

M

M

M

M

M

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

A640,XKI427)

A641,XKI428)

A642,XKI429)

A643,XKI430)

A644,XKI431)

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260, XK262,

D2DEGI(XK260, XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260, XK262,

D2DEGI(XK260,×K262,

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,×K262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262

D2DEGI(XK260,XK262,

D2DEGI(XK260,XK262,

D2DEGI(XK260 XK262,

D2DEGI(XK260 XK262,

D2DEGI(XK260 XK262,

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260,

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

D2DEGI(XK260,

A645,XKI432)

A646,XKI433)

A647,XKI434)

A648,XKI435)

A649, XKI436)

A650,XKI437)

A651,XKI438)

A652,XKI439)

A653,XKI440)

A654,XKI441)

A655,XKI442)

A656,XKI443)

A657,XKI444)

A658,XKI445)

A659,XKI446)

A660,XKI447)

A661,XKI448)

A662,XKI449)

A663,XKI450)

A664,XKI451)

A665,XKI452)

A666,XKI453)

A667,XKI454)

A668,XKI455)

A669,XKI456)

A670,XKI457)

A671,XKI458)

A672,XKI459}

A673,XKI460)

A674,XKI461)

XK262,A675,XKI462)

XK262,A676,XKI463)

XK262,A677,×KI464)

XK262,A678,XKI465)

XK262,A679,XKI466)

XK262,A680,XKI467)

XK262,A681,XKI468)

XK262, A682, XKI469)

XK262, A683, XKI470)

XK262, A684, XKI471)

XK262,A685,XKI472)

XK262,A686,XKI473)

XK262,A687,XKI474)

XK262,A688,XKI475)

IF(KTEST.EQ.I)THEN

XK1379-.74

XK1380-.85

XK13811.90

XK1382-.90

XK138711.2

ENDIF

TI51 =XKI351

T152 -XK1352

T153 =XK1353

T154 =XK1354

T155 _XK1355
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M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

T156 -XK1356

T157 -XK1357

T158 -XK1358

T159 -XK1359

TI60-XKI360

TI61-XKI361

TI62-XKI362

TI63-XKI363

TI64-XKI364

TI65-XKI365

TI66-XKI366

TI67-XKI367

TI68-XKI368

TI69-XKI369

TI70-XKI370

TI71=XKI371

TI72=XKI372

TI73=XKI373

TI74-XKI374

TI75=XKI375

TI76-XKI376

TI77=XKI377

TI78=XKI378

TI79-XKI379

TIS0=XKI380

TI81-XKI381

TI82=XKI382

TI83=XKI383

TI84-XKI384

TI85=XKI385

TI86-XKI386

TI87-XKI387

XKI001-XK261*XKI351*I.688

XKI002=XK261-XKI352*I.688

XKI003-XK261*XKI353*I.688

XKI004-XK261*XKI354*I.688

XKI005-XK261*XKI355*I.688

XKI006-XK261*XKI356*I 688

XKI007-XK261*XKI357*I 688

XKI008-XK261*XKI358*I 688

XKI009-XK261*XKI359*I 688

XKI010-XK261*XKI360*I 688

XKIOII-XK261*XKI361*I 688

XKI012-XK261*XKI362*I 688

XKI013-XK261*XKI363*I 688

XKI014-XK261*XKI364*I 688

XKI015-XK261*XKI365*I.688

XKI016-XK261*XKI366*I.688

XKI017"XK261*XKI367*I.688

XKI018-XK261*XKI368*I.688

XKI019-XK261*XKI369*I.688

XKI020-XK261*XK1370*I.688

XK1021-XK261*XKI371*I.688

XK1022-XK261*XKI372*I.688

XKI023-XK261*XKI373*I.688

XKI024=XK261*XKI374*I.688

×KI025=XK261"XKI375*I.688

XKI026-×K261*XK1376*I.688

×KI027-XK261*XK1377*I.688

XKI028=XK261*XKI378_I.688

XKI029=XK261*XKI379*I.688

XKI030=XK261*XKI380*I.688

XKI031=XK261*XKI381*I.688
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M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

XKI032-XK261*XKI382*I.688

XKIO33-XK261*XKI383*I.688

XKI034-XK261*XKI384*I.688

XKI035-XK261*XKI385*I.688

XKI036-XK261"XKI386*I.688

XKI037-XK261*XKI387*I.688

XKI038-XK261*XKI388*I.688

XKI039-XK261*XKI389*I.688

XK1040-XK261*XK1390*I.688

XKI041-XK261*XK1391*I.688

XKI042-XK261*XK1392*l.688

XK1043-XK261*XK1393*l.688

XKI044-XK261*XKI394*I.688

XKI045-XK261*XKI395*I.688

XKI046-XK261*XK1396*I.688

XK1047-XK261*XKI397"I.688

XK1048-XK261*XK1398*I.688

XK1049-XK261*XKI399*I.688

XKIO50-XK261"XK1400*I.688

XKI051-XK261tXKI401*I.688

XKI052=XK261*XKI402*I.688

XKI053=XK261tXKI403*I.688

XKI054-XK261*XKI404*I.688

XKI055-XK261*XKI405*I.688

XKI056-XK261*XKI406*I.688

×KI057-XK261*XKI407*I.688

XKI058-XK261*XKI408*I.688

XKI059-XK261*XKI409*I.688

XKI060-XK261*XKI410*I 688

XKI061-XK261*XKI411*I 688

XKI062-XK261"XKI412*I 688

XKI063-XK261*XKI413"I 688

XKI064-XK261*XKI414*I 688

XKI065-XK261*XKI415*I 688

XKI066-XK261*×KI416*I.688

XKI067-XK261*XKI417"I.688

XKI068-XK261*XKI418*I.688

XKI069=XK261*XKI419"I.688

XKI070-XK261*XKI420*I.688

XKI071=XK261"XKI421*I.688

XKI072-XK261*XKI422_I.688

XKI073-XK261*XKI423*I.688

XKI074-XK261*XKI424*I.688

XKI075-XK261*XKI425*I.688

XKI076=XK261*XKI426*I.688

XKI077=XK261*XKI427*I.688

XKI078-XK261*XKI428*I.688

XKI079-XK261*XKI429*I.688

XKI080-XK261*XKI430*I.688

XKI081-XK261*XKI431*I.688

XKI082-XK261*XKI432*I.688

XKI083=XK261*XKI433*I.688

XKI084-XK261*XK1434*I.688

XKI085-XK261*×K1435*I.688

XKI086-XK261*XKI436*I.688

XKI087=×K261tXKI437*I.688

XKI088-XK261*XKI438*I.688

XKI089-XK261*XKI439*I.688

XKI090=XK261*XKI440*I.688

XKI091=XK261*XKI441*I.688

XKI092=XK261*XKI442*I.688

XKI093=XK261*XKI443*I.688
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C ¸

M

M

M

C

F

C

M

C

C _g.,m,m

M

M

Cmssi_l

F125

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

TW-XK(2001+M-I)

XK34-(-0.56529*TW)+I093.2494

SY-XKI0-TW

DM-DMAXI(0.D0,SY)

XK35-XK34+I43.3/.25*(DMINI(0.25D0,DM))

LATENT HEAT

XK(2301+M-1)mXK42*XK35

T(16001+M-I)-XK(230I+M-I)

CONTINUE

IF(KTEST.EQ.I)THEN

QI001-0.

QI002"0.

QI003-0.

Ql004g0.

QI005-0.

QIO06-0.

QI007-0.

QI008-0.

QI009"0.

QI010-0.

QI011"0.

Ql012m0.

QI013-0.

QI014"0.

Ql015s0.

QI016-O.

QI017-0.

QI018-0.

QI019-0.

Ql020z0.

QI021-0.

Q1022z0.

QI023-0.

QI024"0.

QI025-0.

QI026"0.

QI027-0.

QI028-0.

QI029-0.

QI030-0.

QI031-O.

QI032-0.

QI033-0.

QI034"0.

QI035-0.

QI036"0.

QI037-0.

QI2001-O

Q12002-0

Q12003-0

Q12004"0

Q12005-0

Q12006-0

Q12007-0

Q12008-0

Q12009-0

QI2010-0

QI2011-0

Q12012-0

Q12013"0.
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M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Q12014-0

Q12015-0

Q12016-0

Q12017-0

Q12018-0

Q12019-0

Q12020-0

Q12021-0

Q12022-0

Q12023-0

Q12024-0

Q12025-0

Q12026-0

Q12027-0

Q12028-0

Q12029-0

Q12030-0

Q12031-0

Q12032-0

Q12033-0

Q12034-0

Q12035-0

Q12036-0

Q12037-0

Q12038=0

Q12039-0

Q12O40-O

Q12041-0.

Q12042-0.

Q12043-0.

Q12044-0.

Q12045-0.

Q12046-0.

Q12047-0.

Q12048-0.

Q12049-0.

Q12050_0.

Q12051=0.

Q12052-0.

Q12053-0.

Q12054-0.

Q12055-0.

Q12056-0.

Q12057-0.

Q12058-0.

Q12059-0.

Q12060-0.

Q12061-0.

Q12062-0.

Q12063-0.

Q12064-0.

Q12065-0.

Q12066-0.

Q12067-0.

Q12068-0.

Q12069-0.

Q12070-0.

Q12071-0.

Q12072-0.

Q12073-0.

Q12074-0.

Q12075-0.

Q12076-0.

Q12077-0.

Q12078-0.

Q12079-0.

3-3-84



F25

C

F

C

M

C

M

C

F

F

C

C ****_*_*t'* NATURAL OR FORCED CONVECTION *********************

C:zz_mi==_Imlmmnnwm_a

C

F IF(CONNAT.GT.CONFOR) CONV_CONNAT

M31 G(@038+M-I)wCONV*XK(1238+M-I)

CONTINUE

DO 125 M-I,37

T40-XK47

TFILM- (XK(2001 +M-I) +T40)/2.0

AIRCON:2.1E-5*TFILM+.0133

COND_AIRCON

C****** DECIDE FOR NATURAL OR FORCED CONVECTION COEFICIENT*****

C

F IF(ITEST.EQ.3)GO TO 602

F IF(ITEST.EQ.2)GO TO 20

F IF(ITEST.EQ.I)GO TO 602

C

::2:::::::::::::::::::::::::::29::::::::::::::::2:222:222:9:22::

C*''******'''****** NATURAL CONVECTION ************************

C

F602

F

C

C

M

F
M

F

F

C

IF(TFILM.LE.32.)GRF=-(32500.*TFILM-4.2E6)

IF(TFILM.GT.32.)GRFI-20588.tTFILM+3818824.

RA-GRF*ABS(XK(2001+M-I)-T40)*.72

CONNAT-.I*COND*RA**(I./3.)

XK28:CONNAT

CONV=CONNAT

IF(ITEST.EQ.I)GO TO 30

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

C***'*'********** FORCED CONVECTION ***************************

::::::::::::::::::::::::::9::::::::::::::::::::::::::::::2::::22

C

F20 IF(TFILM.LE.32.)VIS-5.E-7*TFILM+I.3E-4

F IF(TFILM.GT.32.)VIS=5.15E-7*TFILM+I.2853E-4

C

C

M

M

C

C

C

F

F

CM

C

C

C

CM

C

M

F

F

C

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

RE=XK(2151+M-I)*XK(IOOI+M-I)/VIS

CONFOR:(.46*RE**.5+.00128*RE)*COND/XK(2151+M-I)

CHURCHILL & BERNSTEIN FORCED CONVECTION

AB'(0.62*SQRT(RE)'.8964)/I.1378

BC'(I+(RE/2.82E+5)**.625)'*.8

CONFOR-(0.3+AB*BC)*COND/XK(2151+M-I)

AHM

CONFOR=(O.O675*RE**.73333)*COND/XK(2151+M-I)

XK29=CONFOR

CONV:CONFOR

IF(ITEST.EQ.2)GO TO 30

ENT
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C

F

M30

C

C

M

M

M

M

F

F

F

F

F

F

F

F

C

F

M

M

M

C

IF(CONNAT.GT.CONFOR) CONV=CONNAT

G(8001+M-I)-CONV*XK(1201+M-I)

TF-XK(2001+M-I)

XK66-100.0

RH-XK66

TR-TF+460.0

CI-2.631760E-19

EI-23.35631703

C2-4.0942242E-16

E2-18.75385414

IF(TF.LE.33.7708962)W=CI*(TR/100.)**EI

IF(TF.GT.33.7708962)W=C2*(TR/100.)*"E2

W-W*RH/IO0.

SW=W

SS-STEST-SW

XK32-1.1*CONV*(DMAXI(0.D0,SS))/.24

XK42-XK32*XK(1201+M-I)

XK33=XK32*I2./62.4

C ..... CONDENSATION RATE ....................

M T(201+M-I)=XK33

TW-XK(2001+M-I)

XK34-(-0.56529*TW)+I093.2494

SY-XKI0-TW

M

M

M

C

F

C

M

C

C=====

M

M

DM=DMAXI(0.D0,SY)

XK35=XK34+I43.3/.25*(DMINI(0.25D0,DM))

LATENT HEAT .........................

XK(2301+M-I) =XK42*XK35

T(16001+M-I)=XK(2301+M-I)

:::::::::::::::::::::::::::::::::::::::::::::

F125

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

CONTINUE

IF(KTEST.EQ.I)THEN

QI001=0.

Ql002s0.

QI003-0.

QI004=O.

QI005-O.

QI006=0

QI007=0

QI008-0

QI009-O

QI010=0

QI011_0

QI012=0

QI013=0

QI014=0

QI015=0

QI016=0

QI017=0

QI018=0

QI019=0

QI020=0

QI021=0
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M
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M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

QI022=o_

QIO23-0.

QI024-o.

QIO25-O.

QIO26-O.

QIO27-O.

QIO28-0.

QIO29-0.

QI030=O.

QI031-o.

QI032-0.

QI033-o.

QI034-0.

QI035-o.

QI036-0.

QIO37-0.

QI2OOI=O.

Q12002-0.

Q120O3-0.

Q12004-O.

Q12005-0.

Q12006=o.

Q12007=o.

Q12008=0.

Q12o09-0.

Q1201o=o.

QI2OlI=O.

Q12O12=0.

Q12013-O.

Q12O14=O.

Q12015-0.

Q12016-0.

Q12017=O.

Q12O18-O.

Q12O19=0

Q12O20=0

Q12021=O

Q12O22=O

Q12O23=0

Q12O24=0

Q12025=0

Q12026-0

Q12O27_O

Q12028=0

Q12029-O

Q12030=O

Q12O31_0

Q12032=O

Q12O33_0

Q12034_O

Q12035-O

Q12O36-O.

Q12037=0.

Q12038=0.

Q12039=0.

Q12o4o=0.

Q12o41=o.

Q12O42-0.

Q12O43=O.

Q12044=O.

Q12045=O.

Q12O46=O.
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M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

Q12047-0.

Q12048-0.

Q12049-o.

Q12050-0.

Q12051_0.

Q12052_0

Q12o53-0

Q12o54-0

Q12o55-o

Q12056-o

Q12o57=o

Q12058-0

Q12059-0

Q12060-0

Q12061-0

Q12062-0.

Q12063=0.

Q12064-o.

Q12065-0.

Q12066-0.

Q12o67=o.

Q12o68-o.

Q12069-0.

Q12o70=o.

Q12071-0

Q12072=0

Q12073=0

Q12o74-0

Q12o75-0

Q12076=0

Q12077-o

Q12078-0

Q12o79-0

Q12080-o

Q12081-0.

Q12082-o.

Q12083=0.

Q12084=0.

Q12O85=O.

Q12O86-O.

M Q12087=0.

M Q12088 =0 •

F ENDIF

M TI3001-QI001

M TI3002=QI002

M TI3003=QI003

M TI3004-QI004

M TI3005=QI005

M TI3006_QI006

M TI3007=Q1007

M TI3008-QI008

M TI3009-QI009

M TI3OIO-QI010

M TI3OII-QI011

M TI3012-QI012

M TI3013-QI013

M TI3014=QI014

M TI3015=QI015

M TI3016-QI016

M TI3017=QI017

M TI3018=QIOI8

M TI3019-QIOI9

M TI3020=QI020
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M TI3021-QI021

M TI3022-QI022

M TI3023-QI023

M TI3024-QI024

M TI3025-QI025

M TI3026-QI026

M TI3027-QI027

M TI3028-QI028

M TI3029-QI029

M TI3030-QI030

M TI3031-QI031

M TI3032-QI032

M TI3033-QI033

M TI3034=QI034

M TI3035=QI035

M TI3036=QI036

M TI3037=QI037

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

C ET SOLAR HEAT + ET LATENT HEAT

:::::::::::::::::::::::::::::::::::::::

M QI001zQI001+TI6001

M QI002-QI002+TI6002

QI003-QI003+TI6003

QI004-QI004+TI6004

QI005-QI005+TI6005

QI006-QI006+TI6006

QI007-QI007+TI6007

QI008=QI008+TI6008

QI009-QI009+TI6009

QI010zQI010+TI6010

QI011-QI011+TI6011

QI012-QI012+TI6012

QI013sQI013+TI6013

QI014-QI014+TI6014

QI015-QI015+TI6015

QI016=QI016+TI6016

QI017=QI017+TI6017

QI018=QI018+TI6018

QI019=QI019+TI6019

QI0201QI020+TI6020

QI021=QI021+TI6021

QI0221QI022+TI6022

QI023-QI023+TI6023

QI024=QI024+TI6024

QI025=QI025+TI6025

QI026-QI026+TI6026

QI027=QI027+TI6027

QI028-QI028+TI6028

QI029-QI029+TI6029

QI030-QI030+TI6030

QI031-QI031+TI6031

QI032=QI032+TI6032

QI033-QI033+TI6033

QI034-QI034+TI6034

QI035sQI035+TI6035

QI036zQI036+TI6036

QI037=QI037+TI6037

c

c ICE RATE CALCULATION

C

:::::::::::::::::::::::::::::::::::::::::::::

c
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C

C

M

M

M

M

M

M

M

M

M

M

C

C

C

M

M

M

M

C

C

M

M

M

M

C

C

M

M

M

M

M

M

M

M

M

C

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

TEMPERATURE OF ORBITER

.......................

XK700-T8000

XK701-T8005

XK702-T8010

XK703-T8011

XK704-T8015

XK705-T8016

XK706-T8020

XK707-T8025

XK708-TS030

XK709-T8035

TEMPERATURE OF MLP

XK710-T500

XK711-T501

XK712=TS02

XK713-T503

TEMPERATURE OF GROUND

.....................

XK714-T9000

XK715-T9001

XK716-T9002

XKTI7-T9003

TEMPERATURE OF FSS

XK718=T6011

XK719-T6021

XK720-T6031

XK721-T6041

XK722-T6050

XK723-T6060

XK724-T6070

XK725=T6080

XK726sT6090

TEMPERATURE OF $RB

×K730=TI2001

XK731-TI2002

XK732_TI2003

XK733=TI2005

XK734-TI2006

XK735-TI2007

×K736=TI2008

XK737-TI2009

XK738=TI2010

XK739-TI2011

XK740-TI2012

×K741=TI2013

XK742-TI2014

XK743-TI2015

XK744=TI2016

XK745=TI2017

XK746-TI2018

XK747-TI2019

XK748_TI2020

XK7491TI2021

XK750=TI2022

XK751=TI2023

XK752=TI2024

XK753=TI2025

XK754=TI2033

XK755=TI2034
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M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

XK756-TI2035

XK757-TI2036

XK758=TI2037

XK759-TI2038

XK760-TI2041

XK761=TI2042

XK762=TI2043

XK765-TI2045

XK766=TI2047

XK767-TI2048

XK768-TI2049

XK769-TI2050

XK770=TI2051

XK771=TI2052

XK772-TI2053

XK773=TI2054

XK774-TI2055

XK775-TI2063

XK776-TI2064

XK777-TI2065

XK778=TI2066

XK779=TI2067

XK780=TI2068

XK781=TI2069

XK782-TI2070

XK783=TI2071

XK784=TI2072

XK785-TI2073

XK786=TI2074

XK787zTI2075

XK788=TI2076

XK789=TI2077

XK790zTI2078

XK791-TI2081

XK792-TI2082

XK7931TI2083

XK794zTI2084

XK795-TI2085

XK796-TI2087

XK797zTI2088

C

C=======_z_

c#1

M

M

M

M

M

M

M

C#2

M

M

M

M

M

C#3

M

M

M

M

RADIATION CONDUCTOR

XK5001_ 0.49948E-07

XKS002- 0.49919E-07

XKS003- 0.39188E-08

XKS004 z 0.38654E-08

XK5005- 0.19134E-07

XKS006- 0.19369E-07

XKS007- 0.47836E-06

XK5011- 0.34200E-07

XK5012- 0.34190E-07

XKS013- 0.24268E-07

XKS014- 0.24402E-07

XKS015- 0.50599E-06

XK5021- 0.23431E-07

XK5022- 0.23431E-07

XK5023- 0.32610E-07

XK5024- 0.32692E-07
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M

C#4

M

M

M

M

M

C#5

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#6

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#7

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#8

M

M

M

M

M

M

M

M

XK5025-

XK5031-

XK5032-

XK5033-

XK5034 =

XK5035=

XKS041 =

XK5042 =

XKS043-

XK5044 =

XK5045-

XK5046-

XK5047=

XKS048-

XKS049-

XK5050-

XK5051=

XK5052=

XK5053-

XK5054 _

XK5055=

XK5061=

XK5062-

XK5063 _

XK5064 =

XK5065-

XK5066-

XK5067-

XKS068-

XK5069-

XKS070-

XK5071-

XKS072-

XK5073 =

XKS074-

XK5075 =

XK5076-

XK5081-

XK5082-

XK5083-

XK5084=

XK5085-

XK5086-

XKS087-

XK5088-

XK5089-

XK5090 =

XK5091-

XKS092-

XKS093-

XK5094-

XK5101-

XK5102-

XK5103-

XKSI04=

XKSI05-

XK5106-

XKSI07-

XK5108-

0.51294E-06

0.16302E-07

0.16311E-07

0.30132E-07

0.30192E-07

0.53264E-06

0.67515E-07

0.28694E-07

0.66278E-08

0.13960E-07

0.62238E-08

0.13255E-07

0.50286E-07

0.12348E-06

0.33598E-08

0.26639E-08

0.II149E-07

0.22857E-07

0.15493E-07

0.12559E-07

0.22329E-06

0.22509E-07

0.33473E-07

0.37149E-08

0.13310E-08

0.I1812E-07

0.92062E-08

0.12671E-08

0.I1704E-07

0.90002E-08

0.19889E-08

0.I0559E-06

0.76722E-07

0.18103E-07

0.14230E-07

0.79301E-08

0.28062E-06

0.20604E-07

0.53864E-08

0 13506E-07

0 34653E-08

0 53562E-08

0 13453E-07

0 34064E-08

0 39728E-07

0.12430E-06

0.21226E-07

0.12313E-07

0.22692E-07

0.24334E-07

0.29888E-06

0.60039E-08

0.99623E-09

0.I0999E-07

0.98405E-08

0.99467E-09

0.I0993E-07

0.98318E-08

0.13201E-08
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M

M

M

M

M

M

M

C#9

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#10

M

M

M

M

M

M

M

M

M

M

M

M

M

C#11

M

M

M

M

M

M

M

M

M

M

C#12

M

M

M

M

M

M

M

C#13

M

M

M

M

M

M

M

XK5109= 0.97222E-07

XK5110= 0.87119E-07

XK5111= 0.85008E-08

XKSII2= 0.32280E-08

XK5113= 0.20573E-07

XK5114= 0.27579E-07

XK5115= 0.31905E-06

XK5121= 0.67797E-08

XK5122= 0.61526E-08

XK5123= 0.37943E-06

XK5124= 0.16370E-07

XK5125= 0.16367E-07

XK5126= 0.62799E-07

XK5127= 0.21291E-08

XK5128= 0.26963E-08

XK5129_ 0.13197E-08

XK5130- 0.21284E-08

XK5131= 0.26956E-08

XK5132= 0.13190E-08

XK5133 = 0.33936E-08

XK5134= 0.33431E-08

XK5135= 0.78796E-0 °,_

XK5141= 0.I1946E-07

XK5142= 0.66691E-08

XK5143= 0.27355E-06

XK5144 = 0.18009E-06

XK5145= 0 I0547E-08

XK5146 = 0 13263E-08

XK5147= 0 12350E-08

XK5148 = 0 I0541E-08

XK5149= 0 13257E-08

XK5150= 0 12345E-08

XK5151= 0 35844E-08

XK5152 _ 0 34648E-08

XK5153= 0 I0003E-06

XK5161= 0.99544E-08

XK5162= 0.40683E-06

XK5163= 0.40962E-08

XK5164- 0.II005E-08

XK5165= 0.I1737E-08

XK5166= 0.I0998E-08

XK5167= 0.I1731E-08

XK5168= 0.11579E-07

XK5169= 0.I1510E-07

XK5170= 0.13198E-06

XKSISI= 0.45615E-08

XK5182= 0.22784E-06

XK5183_ 0.98285E-07

XK5184- 0.32778E-08

XK5185- 0.13665E-07

XK5186- 0.13616E-07

XK5187= 0.21965E-06

XK5201- 0 67514E-07

XK5202_ 0 28693E-07

XK5203- 0 66278E-08

XK5204- 0 13960E-07

XK5205- 0 50286E-07

XK5206- 0 12348E-06

XK5207- 0 62238E-08
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M

M

M

M

M

M

M

M

C#14

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#15

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#16

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#17

M

M

M

M

M

M

M

XK5208- 0.13255E-07

XK5209- 0.33597E-08

XK5210- 0.II149E-07

XK5211- 0.26638E-08

XK5212- 0.22850E-07

XK5213 _ 0.15483E-07

XK5214 = 0.12523E-07

XK5215 = 0.22356E-06

XK5221 _ 0.22509E-07

XK5222- 0.33472E-07

XK5223- 0.37148E-08

XK5224- 0.13310E-08

XK5225- 0.11812E-07

XK5226 = 0.92061E-08

XK5227- 0.19889E-08

XK5228- 0.I0559E-06

XK5229- 0.76722E-07

XK5230- 0.12670E-08

XK5231- 0.I1704E-07

XK5232 = 0.90001E-08

XK5233- 0.18100E-07

XK5234= 0.14213E-07

XK5235 = 0.79123E-08

XK5236 = 0.28076E-06

XK5241= 0.20604E-07

XK5242 = 0.53864E-08

XK5243 _ 0.13506E-07

XK5244- 0.34653E-08

XK5245 _ 0.39728E-07

XK5246 - 0.12430E-06

XK5247- 0.21226E-07

XK5248- 0.53562E-08

XK5249- 0.13453E-07

XK5250 = 0.34064E-08

XK5251 = 0.12310E-07

XK5252 _ 0.22676E-07

XK5253 = 0.24318E-07

XK5254 = 0.29905E-06

XK5261- 0.60039E-08

XK5262 = 0.99621E-09

XK5263 = 0.I0998E-07

XK5264 = 0.98405E-08

XK5265- 0.13201E-08

XK5266- 0.97222E-07

XK5267- 0.87119E-07

XM5268- 0.99466E-09

XK5269- 0.10993E-07

XK5270- 0.98318E-08

XK5271- 0.84983E-08

XK5272- 0.32246E-08

XK5273- 0.20559E-07

XK5274- 0.27565E-07

XK5275 = 0.31924E-06

XK5281- 0.13619E-08

XK5282- 0.13606E-08

XK5283- 0.14459E-07

XK5284 _ 0.14478E-07

XK5285- 0.34525E-07

XK5286- 0.34581E-07

XK528_= 0.71535E-06
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C#18

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#19

M

M

M

M

M

M

M

C#20

M

M

M

M

M

M

M

M

M

M

M

M

M

C#21

M

M

M

M

M

C#22

M

M

M

M

M

M

M

M

M

M

M

M

M

C#23

M

M

M

C#24

M

XK5301-

XK5302-

XK5303=

XK5304_

XK5305_

XK5306=

XK5307=

XK5308=

XK5309-

XK5310=

XK5311=

XK5312=

XK5313=

XK5314=

XK5315=

XK5321=

XK5322=

XK5323=

XK5324=

XK5325=

XK5326=

XK5327=

XK5331=

XK5332=

XK5333=

XK5334=

XK5335=

XK5336=

XK5337=

XK5338=

XK5339-

XK5340=

XK5341=

XK5342=

XK5343=

XK5401=

XK5402=

XK5403_

XK5404=

XK5405=

XK5411=

XK5412=

XK5413=

XK5414=

XK5415-

XK5416=

XK5417_

XK5418-

XK5419_

XK5420-

XK5421-

XK5422-

XK5423-

XK5431=

XK5432=

XK5433=

XK5441=

0.70640E-08

0.70640E-08

0.54795E-07

0.13541E-07

0.39896E-08

0.13541E-07

0.39894E-08

0.12711E-06

0.31670E-07

0.74287E-08

0.51773E-08

0.52021E-08

0.31012E-07

0.37945E-07

0.44551E-06

0.52560E-07

0.77272E-07

0.16729E-08

0.16715E-08

0.38280E-07

0.38238E-07

0.58055E-06

0.70606E-08

0.54795E-07

0.70606E-08

0.13538E-07

0.39879E-08

0.12711E-06

0.31670E-07

0 13538E-07

0 39877E-08

0 74257E-08

0 30681E-07

0 37577E-07

0 46915E-06

0.29111E-08

0.29163E-08

0.84627E-08

0.84730E-08

0.19278E-06

0.41484E-08

0.41484E-08

0.16241E-07

0.13379E-08

0.16788E-08

0.15171E-08

0.20218E-08

0.27296E-08

0.14443E-08

0.II027E-08

0.62964E-08

0.79239E-08

0.15988E-06

0.12310E-07

0.12303E-07

0.18912E-06

0.41465E-08
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M

M

M

M

M

M

C#25

M

M

M

C#26

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#27

M

M

M

C#28

M

M

M

M

M

M

C#29

M

M

M

C#30

M

M

M

M

M

M

M

M

M

M

C#31

M

M

M

C#32

M

M

M

C#33

M

M

M

M

XK5442"

XK5443-

XK5444_

XK5445=

XK5446-

XK5447_

XK5451=

XK5452=

XK5453-

XK5461-

XK5462-

XK5463-

XK5464=

XK5465-

XK5466=

XK5467-

XK5468-

XK5469=

XK5470=

XK5471=

XK5472-

XK5473=

XK5474=

XK5481_

XK5482=

XK5483-

XK5491_

XK5492-

XK5493-

XK5494-

XK5495-

XK5496-

XK550I-

XK5502=

XK5503_

XK5511-

XK5512-

XK5513-

XK5514-

XK5515=

XK5516=

XK5517-

XK5518-

XK5519=

XK5520=

XK5531-

XK5532-

XK5533-

XK5541_

XK5542-

XK5543_

XK5551-

XK5552-

XKSS53-

XK5554-

0.16241E-07

0.41465E-08

0.13304E-08

0.61246E-08

0.77324E-08

0.17598E-06

0.17104E-07

0.17101E-07

0.50960E-06

0.18251E-08

0.18251E-08

0.40592E-08

0.43111E-08

0.57232E-08

0.46122E-08

0.39720E-08

0.67407E-08

0 73349E-08

0 39263E-08

0 31076E-08

0 14982E-07

0 15042E-07

0 46055E-06

0.17083E-07

0.17096E-07

0.50535E-06

0.18197E-08

0.40586E-08

0.18197E-08

0.14499E-07

0.14500E-07

0.51343E-06

0.13557E-08

0.13636E-08

0.23324E-06

0.12406E-08

0.15299E-08

0.12162E-08

0.17768E-08

0.28993E-08

0.32397E-08

0.18224E-08

0.14667E-08

0.14877E-08

0.21898E-06

0.13508E-08

0.13509E-08

0.23324E-06

0.13186E-08

0.13186E-08

0.23683E-06

0.29290E-08

0.47229E-08

0.15810E-07

0.15809E-07
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M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#34

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#35

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C#36

XK5555- 0. II091E-06

XK5556 _ 0.28791E-07

XK5557-

XK5558-

XK5559=

XK5560=

XK5561=

XK5562-

XK5563-

XK5564=

XK5565_

XK5566 =

XK5567-

XK5568=

XK5569 =

XK5570=

XK5571-

XK5572=

XK5573=

XK5574-

XK5575=

XK5601 =

XK5602=

XK5603 =

XK5604=

XK5605=

XK5606=

XK5607=

XK5608 =

XK5609=

XK5610-

XK5611=

XK5612-

XK5613=

XK5614-

XK5615=

XK5616-

XK5617=

XK5618-

XK5619=

XK5620=

XK5621_

XK5631-

XK5632-

XK5633-

XK5634-

XK5635-

XK5636-

XK5637-

XK5638_

XK5639-

XK5640-

XK5641-

XK5642-

XK5643-

XK5644-

XK5645-

XK5646-

XK5647-

XK5648-

XK5649-

0.21199E-08

0 21666E-08

0 17195E-08

0 45276E-08

0 21197E-08

0 21665E-08

0 17195E-08

0 45276E-08

0 15657E-08

0.28930E-08

0.15656E-08

0.28930E-08

0.30415E-08

0.30313E-08

0.46829E-07

0.46810E-07

0.20264E-08

0.19562E-08

0.36398E-07

0.33658E-08

0.21193E-07

0.56760E-08

0.75184E-08

0.56823E-08

0.15812E-08

0.51951E-08

0.13999E-08

0.66748E-07

0.13615E-07

0.13671E-08

0.13171E-08

0 46283E-08

0 13411E-08

0 29254E-07

0 67429E-08

0 69828E-07

0 16472E-07

0 34336E-08

0 37487E-08

0.78809E-07

0.13301E-08

0.17346E-08

0.I0935E-08

0.40305E-08

0.I0935E-08

0.40305E-08

0.13299E-08

0.17344E-08

0.14129E-08

0.26682E-08

0.26682E-08

0.14128E-08

0.49391E-07

0.49379E-07

0.38463E-07

0.38442E-07

0.35962E-08

0.36787E-08

0.14727E-06
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M XK5651= 0.33655E-08

M XK5652- 0.21192E-07

M XK5653= 0.56759E-08

M XK5654= 0.75183E-08

M XK5655= 0.56821E-08

M XK5656= 0.15810E-08

M XK5657= 0.66748E-07

M XK5658= 0.13615E-07

M XK5659= 0.51949E-08

M XK5660= 0.13997E-08

M XK5661= 0.13411E-08

M XK5662= 0.13670E-08

M XK5663= 0.46283E-08

M XK5664= 0.13169E-08

M XK5665= 0.67436E-08

M XK5666- 0.29241E-07

M XK5667- 0.16477E-07

M XK5668= 0.69808E-07

M XK5669= 0.33612E-08

M XK5670- 0.36743E-08

M XK5671= 0.79220E-07

C#37

M XK5681= 0.19488E-09

M XK5682 z 0.34926E-07

C97 CONTINUE

C

END

BCD 3VARIABLES 2

C

F DOUBLE PRECISION SM

C

C ICE RATE CALCULATION

C ....................

C==========:

C

C Q RAD OF ET

C ...........

C NODE#1

M

M +

M +

M +

M +

M +

M +

C

C NODE#2

M

M +

M +

M +

M +

C

C NODE#3

M

M +

M +

M +

M +

C

C NODE#4

M

M +

XK801=(XK5001* (XK710+460.)**4-(XKI0+460.)**4)/XKI201

+(XKS002" (XK711+460.)*'4-(XKI0+460.)**4)/XKI201

+(XK5003* (XK712+460.)**4-(XKI0+460.)*'4)/XKI201

+(XK5004* (XK713+460.)**4-(XKI0+460.)**4)/XKI201

+(XKS005* (XK714+460.)**4-(XKI0+460.)**4)/XKI201

+(XKS006* [XK715+460.)**4-(XKI0+460.)_*4)/XKI201

+(XK5007*((XK23+460.)**4-(XKI0+460.)**4)/XKI201)

XK802-(XK5011*((XK710+460. "*4-(XKI0+460.)**4)/XKI201

+(XKS012*((XK711+460.)**4-(XKI0+460.)**4)/XKI201

+(XK5013*((XK714+460.)_*4-(XKI0+460.)**4)/XKI201

+(XKS014*((XK715+460.)**4-(XKI0+460.)**4)/XKI201

+(XKS015*((XK23+460.)**4-(XKI0÷460.)**4)/XKI201)

XK803-(XKS021*(

+(XK5022"(

+(XK5023"(

+(XK5024"(

+(XK5025"(

(XK710+460.)**4-(XKI0+460.)*'4)/XKI201)

(XK711+460.)'*4-(XKI0+460.)**4)/XKI201)

(XK714+460.)**4-{XKI0+460.)**4)/XKI201)

(XK715+460.)**4-(XKI0+460.)**4)/XKI201)

(XK23+460.)**4-(XKI0+460.)**4)/XKI201)

XK804*(XK5031*((XK710+460.)**4-(XKI0+460.)**4)/XKI201)

+(XK5032*((XK711+460.)**4-(XKI0+460.)**4)/XKI201)
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c

t NODE_5

M •

M

M *

M *

M

M

M ,

M

M +

C

C NODE#6

M ÷

4

M

M

M ÷

M *

M ÷

M ÷

C

c NODE#7

M

M ,

M

M +

M *

M

M ,

M ÷

M

M +

H

M ,

M 4

M ÷

C

C NODE#8

M .

M +

M +

M +

M +

M •

M ,

+(XK5033"((XK714_46t.!''_-{×K::-460.),,4)/XEI201)

_(XK5034"({XK715_46C.)'-4-(X?:IS_465.)--4)/XKI202)

÷(XK5035"((XK23_46@.)''4-1X_[_+460.),,4)/XKI201)

XKS05=(XK5041-

÷(XK5042-

+(XK5043,

*(XK5044-

÷(XKSO45-

+(XK5046,

*{XK5047-

÷(XK5048-

+(XK5049-I

*(XK5050*

+(XK5051*

+(XK5052-

÷(XKS053-

+(XK5054,

+(XK5055-

(XK70]+460.)''4-(XKI0_460.)-*4)/XKI201

(XKTO2_46O.)''4-(XH:t_460.)*,4)/XKi201

(XK773+460.)''4-(XK]O_460.),*4)/XKI201

(XK774+460.)''4-(XKiO+460.)*,4)/XKI201

(XK780+#60.

(XK781+460.

(XK787+460.

(XK788_460.

(XK789_460.

(XK791+460.

(XK793_460.

(XK710_460.

(×K712÷460.

[XK715_460.

(XK23+460.)

"'4-(XK]0*460.)*'4)/×KI201

"'4-(XK]0÷460.)-*4)/XKI201

*'4-(XKIO+460.)*'4)/XKI20]

''4-(XKI0÷460.)*'4)/XKI201

"'4-(XK]O*460.)*'4)/XKI201

''4-(XK]O_60.)''4)/XKI201

"'4-(XK]0+460.)'*4)/XKI201

"'4-(XKI0*460.)''4)/XKI201)

"'4-(XK_0÷460.)**4)/XKI201)

*'4-(XK20+460.)'*4)/XKI201)

*4-(XK20+460.)'*4)/XKI201)

XKS06=(XK5061*

+(XK5062-

+{XK5063-

+(XK5064"

*(XK5065-

÷(XK5066-

+(XK5067-

+(XK5068-

*(XK5069-,

+(XK5070-

+(XK5071-

_(XK5072-

(XK700+460.)_*4-(XKI0÷460.)-*4)/XKI201)

(XK70I÷460.)'*4-(XKIO+460.),*4)/XKI201)

(XK702+460.)*'_-(XK]O+460.)**4)/XKI201)

(XK771_#60.)''4-(XK]O+460.),,4)/XKI20])

(XK772+460.)''4-{XKIO_460.)*,4)/XKI201)

(XK773÷460.)*'4-(XK]O,460.),*4)/XKI20])

(XK778+460.)''4-(XKI0,460.),*4)/XKI201)

(XK779+460.)**4-(XKIO÷460.)**4)/XKI201

(XK780+460.)''4-(XKI0,460.)**4)/XKI201

{XK785+460.)''4-(XKIO+460.)*,4)/XKI20]

(XK786+460.)*'4-(XKIO+460.)**4)/XKI201

(XK787+460.)'*4-(XKIO÷_60.),*4)/XKI201

+(XKS073*((XK710+460.)''4-(XKI0+460.)**4)/XKI201

÷(XK5074*((XE715+460.)*'4-[XKIO,460.)**4)/XKI201

÷(XK5075*((XKTI6÷460.)'*4-(XKIO_460.),,4)/XKI201

*(XKSO76*((XK23+460.)**4-(XKIO+460.)**4)/XKI201)

XKS07=(XK5081"((XK700÷460.)**4-(XK]0+460.)**4

+(XK5082"((XK770+460.)--4-(XK]0+460.),,4

+(XK5083"((XK772+460.)**4-(XKI0+460.),,4

+(XKS084*((XK772_460.)--4-(XK10,460.)**4

+(XK5085" (XK777+460.)*'4-(XKI0+460.)**4

+(XK5086" (XK778+460.)'*4-(XKI0+460.)*,4

+(XK5087, (XK779+460.)''4-(XK10+460.)**4

+(XK5088", (XK784+460.)**4-(XKI0+_60.)**4

/XKI201

/XKI201

/XKI201

/XKI201

/XKI20]

/XKl201

/XKI201)

/XKI201)

+(XK5089"I (XK785+460.)**4-(XKI0+460.)-,4)/XKI201)

+(XK5090" (XK786+460.)**4-(XKI0+460.)-*4)/XKI201)

+(XK5091" (XK710÷460.)''4-(XK]0÷460.)*-4)/XKI201)

+(XK5092" (XK715÷460.)**4-(×KI0+460.)-,4)/XKI201)

+(XK5093_((XKT]6+460.)-,4-(XKI0+460.),,4)/XKI201)

+(XK5094"((XK23÷460.)*'4-(XKI0+460.)**4)/XKI201)

XKS08-(XK5101,

+{XK5102"

÷(XK5103-

+(XK5104-

+(XKSI05*

_(XK5106,

+(XK5]07*

+(XK5108*

(XKT00+460.)**4-(XKI0+_60.)**4)/XKI201

(XK768+460.)'*4-(XKIO+460.),*4)/XKI201

(XK769+_60.)**4-{XKIO÷_60.),,4)/XKI201

(XK770+460.)*'4-(XKlO+460.),*_)/XKI201

(XK775+460.)''4-(XKI0+460.)--4)/XKI201

(XK776÷460.)''4-(XKI0+460.)-*4)/XKI201

(XK777÷460.)**4-(XKI0+460.)**4)/XKI201

(XK782+460.)''4-(XK]O+460.)**4)/XKI201
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M

M

C

C NODE#9

M

M

M

M

M

M

M

M ÷

C

C NODE#]O

M

M ÷

M ÷

M +

M +

M +

M +

M *

M

C

C NODE#11

M

M +

M ÷

M ÷

M +

M +

M

M 4

M

M *

C

C NODE#12

M ÷

M

M +

M +

M +

C

C NODE#f3

M

M +

_(XK5109"

_(XK5110"

*(XK5111"

+(XKSII2"

+(XK5113"

+(XK5114*

+(XK5115"

XKS09=(XK512] *

+(XK5122"

+(XK5123"

+(XK5124"

+(XK5125"

+(XK5126"

+(XK5127"

+(XK5128"

+(XK5129"

+(XK5130"

+(XK513]"

*(XK5132"

+(XK5133"

+(XK5134"

+(XK5135"

XK810=(XK5]41"

+(XK5142"

÷(XK5143"

+(XK5144"

_(XK5145"

+(XK5146"

+(XK5147"

+(XK5148"

+(XK5149"

+(XK5150"

+(XK5151*

+(XK5152"

_(XK5153"

XKSII'(×KSI61"(

+[XK5262"(

+ (XKS163"

÷ (XK5164 *

{XK5165"

+ (XKSI 66"

+(XK5167"

+(XK5168"

+(XK5169"

+(XK5170*

XKSI2=(XK5181"

+(XK5182"

_(XK5183"

÷(XK5184"

÷(XK5185"

÷(XK5186"

÷(XK5187"

(XK782-46C.)''4-(XK]0*460.)''4 /XKI201

(XK784*46C.)''4-(XK20+460.)**4 /XKI20]

(XKTIO*46C.)''4-(XKI0+460.)*'4 /XKI201

(XK712_460.)''4-(XKlO_460.)'*4 /XKI201

(XK715+460.)''4-(XK!0*460.)*'4 /XKI201

(XK716+460.)''4-(XKI0÷460.)**4 /XKI201

(XK23+46O.)''4-(XKiO*460.)**4)/XKI201)

XK2010+460

XK700+460.

XK701_460.

XK702+460.

XK704÷460.

XK706,46C.

XK773÷460.

XK774+460.

XK789+460.

XK738÷460.

XK739+460.

XK754_460.

XK712+460.

XK713_460.

)''4-(XKI0*460.)'*4)/XKI201)

''4-

*'4-

*'4-

"*4--

_"4-

XKI0+460.)*'4

XKI0÷460.)*'4

XKI0+460.)''4

XKI0+460.)''4

XK10+460.)''4

XKI0+460.)''4

XKI0÷460.)''4

XK]0+460.)''4

XKI0+460.)''4

XKI0÷460.)''4

XKI0+460.)''4

XKI0÷460.)''4

XKI0+460.)''4

/XKI20I)

/XKI201)

/XKI20])

/XKI20])

/XKI201)

/XKI201)

/XKI201)

/XKI201)

/XKI20])

/XKI20I)

/XK]20])

/XKI20])

/XKI201)

XK23+460.)''4-(XKI0÷460.)**4)/XKI20])

XK20iI_460.)'_4-(XK]0+460.)**4)/XKI201)

)'*4-(XK10+460.)'*4)/XKI20i)XK2012÷460

XK700_460.

XK701-460.

XK772÷460.

XK773_460.

XK774+460.

XK737+460.

XK738+460.

XK739÷460.

XK716÷460.

XK717+460.

''4--

**4-

I,* 4 -

**4-

XK10_460.)''4

XK10"460.)*'4

XK10+460.)*'4

XKI0+460.)''4

XK]0+460.)''4

XKI0+460.)*'4

XK10*460.)*'4

XKI0÷460.)''4

XK10"460.)''4

XK10+460.)''4

/XKI201)

/XK]201)

/XKI201)

/XKI201)

/XKI201)

/XKI20])

/XKI201)

/XKI201)

/XKI201)

/XKI201)

XK23+460.)*'4-(XKI0+460.)''4)/XKI201)

XK2012÷460.)**4-(XKI0+460.)**4)/XKI201)

XKT00+460.)'*4-

XKT01*460.)*'4-

XE771+460.)''4-

XK772+460.)''4-

XK736_460.)''4-

XK737÷460.)''4-

XK716+460.)''4-

XK717+460.)''4-

XKI0÷460

XKI0+460

XKI0+460

XKI0+460

XKI0÷460

XKI0÷460

XKI0÷460

XK]0_460

XK23+460.)''4-(XK10+460.

)**4)/XKI201)

)'*4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)'*4)/XKI201)

)**4)/XKI201)

)''4)/×K1201)

)*'4)/XKI201)

"'4)/XKI201)

(XK2019+460.)'*4-(XKIO+460.)**4)/XKI201)

(XK700+460.)**4-(XK]O+460.)**4)/XKI201)

(XK708+460.)_*4-(XKI0÷460.)**4)/XKI201)

(XK709+460.)''4-(XKIO÷460.)'*4)/XKI201)

(XK716+460.)**4-(XKI0+460.)**4)/XKI201)

(XK717+460.)**4-(XKI0÷460.)''4)/XKI201)

(XK23÷460.)**4-(XKI0+460.)**4)/XKI201)

XK813=(XK5201*[(XKT01÷460.)**4-(XKI0+460.)'*4)/XKI201)

÷(XK5202"((XKT04÷460.)**4-(XKI0+460.)**4)/XKI201)
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M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

C

C NODE#14

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

C

C NODE#f5

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

C

C NODE#16

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

+(XK5203"(,

+(XK5204"

+(XK5205"

+(XK5206"

+(XK5207"

+(XK5208*

+(XK5209"

+(XK5210*

+(XK5211"

+(XK5212"

+(XK5213"

+(XK5214",

+(XK5215"_

XK738+460

XK739+460

XK745+460

XK746+460

XK752+460

XK753+460

XK754+460

XK756+460

XK758+460

XK711+460

XK713+460

XK714+460

)**4- XKI0+460.

)**4- XKI0+460.

)*'4- XKI0+460.

)*'4- XKI0+460.

)*'4- XK10+460.

)*'4-,XKI0+460.

)*'4-_XKI0+460.

)*'4-,XKI0+460.

)*'4-IXKI0+460.

)*'4-(XKI0+460.

)*'4)/_K1201)

)**4)/XKI201)

)**4)/XKI201

)**4)/XKI201

)**4)/XKI201

)**4)/XKI201

)**4)/XKI201

)**4)/XKI201

)**4)/XKI201

)**4)/XKI201

)**4-(XKIO+460.)**4)/XKI201

)**4-(XKI0+460.)**4)/XKI201

XK23+460.)**4-(XKI0+460.)**4)/XKI201)

XKSI4=(XK5221*q

+(XK5222"I

+{XK5223"

+(XK5224"

+(XK5225"

+(XK5226"

+(XK5227"

+(XK5228"

+(XK5229"

+(XK5230"

+(XK5231"

+(XK5232"

XK700+460.

XK701+460.

XK704+460.

XK736+460.

XK737+460.

XK738+460.

XK743+460.

XK744+460.

XK745+460.

XK750+460.

XK751+460.

XK752+460.

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

**4-

XKI0+460.)**4)/XKI201)

XKI0+460.)**4)/XKI201)

XKI0+460.)**4)/XKI201)

XKI0+460.)**4)/XKI201)

XKI0+460.)**4)/XKI201)

XKIO+460.)**4)/XKI201)

XKI0+460.)**4)/XKI201)

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

+(XK5233*((XK711+460.)

+(XK5234*((XK714+460.)

+(XK5235*((XK717+460.)**4- XKI0+460

+(XK5236*((XK23+460.)**4-(XKI0+460.)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201

**4)/XKI201)

XK815=(XK5241*

+(XK5242"

+(XK5243"

+(XK5244"

+(XK5245"

+(XK5246"

+(XK5247"

+{XK5248"

+(XK5249"

+(XK5250"

+(XK5251"(

+(XK5252"(

+(XK5253"(

+(XK5254"(

XK700+460

XK735+460

XK736+460

XK737+460

XK742+460

XK743+460

XK744+460

XK749+460

XK750+460

XK751+460

*'4-(XKI0+460

**4- (XKIO+460.

) *'4- (XKI0+460.

) **4- (XKIO+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.)

XK711+460.)**4-(XKIO+460.)

XK714+460.)**4-(XKI0+460.)

)**4)/XKI201

**4)/XKI201

**4)/XKI201

**4 /XKI201

**4 /XKI201

**4 /XKI201[

**4 /XKI2011

**4 /XKI201

**4 /XKI201

**4 /XKI201)

*'4 /XKI201)

**4 /XKI201)

IXK717+460.)**4-(XKI0+460.)**4 /XKI201)

XK23+460.)**4-(XKI0+460.)**4)/XKI201)

XK816=(XK5261* XK700+460.)**4-

+(XK5262*q XK733+460.)**4-

+(XK5263" XK734+460.)**4-

+(XK5264" XK735+460.)t*4-

+(XK5265" XK740+460.)**4-

+(XK5266" XK741+460.)**4-

+(XK5267" XK742+460.)**4-

+(XK5268" XK747+460.)**4-

+(XK5269*((XK748+460.)**4-

+(XK5270*((XK749+460.)**4-

+(XK5271*((XKTII+460.)**4-

+(XK5272*((XK713+460.)*t4-

+(XK5273*((MK714+460.)**4-

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XK10+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

XKI0+460

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

)**4)/XKI201)

+(XK5274*((XK717+460.)**4- XKI0+460 )**4)/XKI201)

+(XK5275*((XK23+460.)**4-(XKI0+460.)**4)/XKI201)
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M

M +

M +

M +

M +

M +

M +

C

C NODE#18

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M *

C

C NODE#19

M

M +

M +

M +

M +

M +

M +

C

C NODE#20

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

C

C NODE#21

M

M ÷

M +

M +

M +

C

C NODE#22

M

M ÷

M +

M +

M +

M +

XK817-(XK5281*

+(XK5282"

+(XK5283"

+(XK5284"

+(XK5285"

+(XK5286"_

+(XK5287"_

(XK775+460.)**4-(XKI0+460.)**4)/XKI217)

(XK747+460.)*t4-(XKIO+460.)**4)/XKI217)

(XK710+460.)**4-(XKIO+460.)**4)/XKI217)

(XK711+460.)**4-(XKI0+460.)**4)/XKI217)

(XK714+460.)**4-(XKIO+460.)**4)/XKI217)

(XK715+460.)**4-(XKIO+460.)**4)/XKI217)

(XK23+460.)**4-(XKIO+460.)*t4)/XKI217)

XK818=(XK5301*((XK765+460.)**4-(XKIO+460.)**4)/XKI217)

+(XK5302*((XK766+460.)**4-(XKIO+460.)**4)/XKI217)

+(XK5303*((XK767+460.)**4-(XKIO+460.)**4)/XKI217)

+(XK5304*((XK768+460.)**4-(XKIO+460.)*,4)/XKI217)

+(XK5305*((XK769+460.)**4-(XKI0÷460.)*,4)/XKI217)

+(XK5306"((XK775+460.)**4-(XKI0+460.)**4)/XKI217)

+(XK5307*((XK776+460.)**4-(XK!O+460.),*4)/XKI217)

+(XK5308*((XK782+460.)**4-(XKIO+460.),*4)/XKI217)

+(XK5309*((XK783+460.)w*4-(XKIO+460.)**4)/XKI217)

+(XK5310*((XK710+460.)**4-(XKI0+460.)**4)/XKI217)

+(XK5311*((XK722+460.)*'4-(XKIO+460.)**4)/XKI217)

+(XK5312*((XK723+460.)**4-(XKI0+460.)**4)/XKI217)

÷(XK5313*((XK715+460.)**4-(XKI0+460.)*,4)/XKI217)

+(XK5314*((XK716+460.)**4-(XKI0+460.)*,4)/XKI217)

+(XK5315*((XK23+460.)**4-(XKI0+460.),*4)/XKI217)

XK819=(XK5321*((XK708+460.)**4-{XKI0+460.)**4)/XKI217)

+(XK5322*((XK709+460.)**4-(XKIO+460.)**4)/XKI217)

+(XK5323*((XK768+460.)**4-(XKIO+460.)*,4)/XKI217)

+(XK5324*((XK733+460.)**4-(XKIO+460.)**4)/XKI217)

+(XK5325*((XK716+460.)'*4-(XKI0+460.)**4)/XKI217)

+(XK5326*((XK717+460.)'*4-(XKI0+460.)*,4)/XKI217)

+(XK5327*((XK23+460.)**4-(XKIO+460.)*_4)/XKI217)

XK820-(XK5331*((XK730+460

+(XK5332"((XK731+460.

+(XK5333*((XK732+460.

+(XK5334*{(XK733+460.

+(XK5335"((XK734+460.

+(XK5336*((XK740+460.

+(XK5337_((XK741+460.

+(XK5338*((XK747+460.

+(XK5339*((XK748+460.

)**4-(XKI0+460.)**4)/XKI217)

*'4-(XKI0+460.)**4)/XKI217)

**4-{XKIO+460.)**4)/XKI217)

**4-(XKI0+460.)**4)/XKI217)

**4-(XKIO+460.)**4)/XKI217)

**4-(XKI0+460.)**4)/XKI217)

**4-(XKI0+460.)**4)/XKI217)

**4-{XKI0+460.)**4)/XKI217)

**4-(XKI0+460.)**4)/XKI217)

+(XK5340*((XK711+460. **4-(XKI0+460.)'*4)/XKI217)

+(XK5341*((XK714+460.)**4-(XKI0+460.)**4)/XKI217)

+(XK5342*((XK717+460.)**4-(XKI0+460.),*4)/XKI217)

+(XK5343*((XK23+460.)**4-(XKI0+460.)**4)/XKI217)

XK821"(XK5401*((XK710+460.)**4-(XKI0+460.)**4)/XKI221)

+(XK5402*({XK711+460.)**4-(XKI0+460.)**4)/XKI221)

+(XK5403*((XKTI4+460.)**4-(XKI0+460.),,4)/XKI221)

+(XK5404*[(XK715+460.)**4-{XKIO+460.)**4)/XKI221)

+(XK5405*((XK23+460.)**4-(XKIO+460.),,4)/XKI221)

XK822=(XK5411*((XK765+460.)*,4-(XKI0+460.)**4)/XKI221)

+(XK5412*((XK766+460.)**4-(XKI0+460.)**4)/XKI221)

+(XK5413*((XK767+460.)**4-(XKIO+460.),,4)/XKI221)

+(XK5414*((XKTI0+460.)'*4-(XKIO+460.)**4)/XKI221)

+(XK5415*((XK718+460.)**4_(XKI0+460.)t,4)/XKI221 )

+(XK5416*((XK719+460.)**4-(XKI0+460.)**4)/XKI221)
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M +

M +

M +

M +

M +

M +

C

C NODE#23

M

M +

M +

C

C NODE#24

M

M +

M +

M +

M +

M +

M +

C

C NODE#25

M

M +

M +

C

C NODE#26

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

C

C NODE#27

M

M +

M +

C

C NODE#28

M

M +

M +

M +

M +

M +

C

C NODE#29

M

M +

M +

C

C NODE#30

M

M +

+(XK5417*((XK722+460.)**4-(XKIO+460.)*t4)/XKI221)

+(XK5418*((XK723÷460.)**4-(XKIO+460.)**4)/XKI221)

+(XK5419*((XK724+460.)**4-(XKI0+460.)**4)/XKI221)

+(XK5420*((XK725+460.)**4-(XKIO+460.)**4)/XKI221)

+(XK5421*((XK715+460.)**4-(XKI0+460.)**4)/XKI221)

+(XK5422*((XK716+460.)**4-(XKIO+460.)**4)/XKI221)

+(XK5423*((XK23+460.)'*4-(XKI0+460.)**4)/XKI221)

XK823=(XK5431*((XK716+460.)**4-(XKI0+460.)*'4)/XKI221)

+(XK5432*((XK717+460.)**4-(XKI0+460.)**4)/XKI221)

+(XK5433*((XK23+460.)**4-(XKIO+460.)**4)/XKI221)

XK824=(XK5441*((XK730+460.)**4-(XKIO+460.)**4)/XKI221

+(XK5442*((XK731+460.)**4-(XKI0+460.)**4)/XKI221

+(XK5443*((XK732+460.)**4-{XKIO+460.)**4)/XKI221

+(XK5444*({XK711+460.)**4-(XKIO+460.)**4)/XKI221

+(XK5445*((XK714+460.)*'4-(XKIO+460.)*'4)/XKI221

+(XK5446*((XK717+460.)**4-(XKI0+460.)**4)/XKI221

+(×K5447*((XK23+460.)**4-(XKI0+460.)**4)/XKI221)

XK825=(XK5451*(

+(XK5452"(

+(XK5453"(

(XK716+460.)**4-(XKIO+460.)**4)/XKI225)

(XK717+460.)**4-(XKIO+460.)**4)/XKI225)

CXK23+460.)**4-(XKI0+460.)**4)/XKI225)

XK826=(XK5461*

+(XK5462"

+(XK5463"

+(XK5464"

+(XK5465"

+(XK5466"

+(XK5467"

+(XK5468"

+(XK5469"

+(XK5470"

+(XK5471"

+(XK5472 *

+(XK5473"

+(XK5474"

XK765+460.)

XK766+460.)

XK767+460.)

XK718+460.)

XK719+460.)

XK720+460.)

*'4-(XKI0+460

*'4-(XK10+460

*'4-(XKI0+460

*'4-(XKI0+460

*'4-(XKI0+460

*'4-(XK10+460

((XK722+460.)**4-(XKI0+460

{(XK723+460.)**4-(XKIO+460

(XK724+460.)**4-(XKI0+460.

(XK725+460.)**4-(XKIO+460.

(XK726+460.)**4-(XKI0+460.

(XK715+460.)**4-(XKI0+460.

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

)*'4)/XK1225)

(XK716+460.)**4-{XKI0+460.)**4)/XKI225)

(XK23+460.)**4-(XKI0+460.)**4)/XKI225)

XK827-{XK5481*(

+(XK5482"(

+(XK5483"(

(XK714+460.)"*4-(XKIO+460.)**4)/XKI225Z

(XK715+460.)**4-(XKI0+460.)**4)/XKI225

(XK23+460.)**4-(XKI0+460.)**4)/XKI225)

XK828=(XK5491*q

+(XK5492"_

+(XK5493*q

+(XK5494"

+(XK5495"

+(XK5496"

XK730+460.)**4-(XKIO+460.)**4)/XKI225

XK731+460.)**4-{XKI0+460.)**4)/XKI225

XK732+460.)**4-(XKIO+460.)**4)/XKI225

XK714+460.)*'4-(XKIO+460.)t*4)/XKI225

XK717+460.)**4-(XKI0+460.)**4)/XKI225)

XK23+460.)**4-(XKI0+460.)**4)/XKI225)

XK829=(XK5501*((XK716+460.)**4-(XKI0+460.)**4)/XKI229)

+(XK5502*((XK717+460.)**4-(XKIO+460.)**4)/XKI229)

+(XK5503*((XK23+460.)**4-(XKIO+460.)**4)/XKI229)

XK830"(XK5511*((XK719+460.)**4-(XKIO+460.)**4)/XKI229)

+(XK5512*((XK720+460.)**4-(XKI0+460.)**4)/XKI229)
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M +
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M +

M +

M +

C
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M

M +
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C
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M

M +

M +

C

C NODE#33

M

M +

M +

M +

M +

M +

M +

M +

M ÷

M +

M +

M

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M

C

C NODE#34

M

M +

M +

M ÷

M ÷

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

M +

XK5513"(

XK5514"(

XK5515"(

XK5516"(

XK5517"(

XK5518"(

XK5519"(

XK5520"(

XK721+460.

XK723+460.

XK724+460.

XK725+460.

XK726+460.

XK715+460.

XK716+460.

XK23+460.)**4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

"'4 )/XKI229)

*'4)/XK1229)

*'4 )/XKI229)

*'4)/XK1229)

*'4)/XK1229]

**4) /XK1229)

*'4) /XK1229)

*'4)/XK1229)

XK831=(XK5531*((XK714+460.)*t4-(XKI0+460.)**4)/XKI229)

+(XK5532*((XK715+460.)**4-(XKI0+460.)**4)/XKI229)

+(XK5533*((XK23+460.)**4-(XKI0+460.)**4)/XKI229)

XK832=(XK5541*((XK714+460.)**4-(XKI0+460.)**4)/XKI229)

+(XK5542*((XK717+460.)**4-(XKI0+460.)**4)/XKI229)

+(XK5543*((XK23+460.)**4-(XKI0+460.)**4)/XKI229)

XKI7!=[XK5551*

+ (XK5552"

+ (XK5553"

+ (XK5554"

+(XK5555"

+(XK5556"

+(XK5557"(

+(XK5558"[

+ XK5559"(

+ XK5560"(

+ XK5561"(

XKI72= XK5562"(

+ XK5563"(

+ XK5564"

+ XK5565"

+ XK5566"

+ XK5567"

+ XK5568"

+ XK5569"

+(XK5570"

+(XK5571"

+(XK5572"

+(XK5573"

+(XK5574"

XK2009+460

XK701+460.

XK702+460.

XK704+460.

XK706+460.

XK707+460.

XK789+460.

XK790+460.

XK793+460

XK794+460

XK754+460

XK755+460

XK756+460

XK757+460

(XK795+460

(XK797+460

(XK760+460

{XK761+460

)*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XK10+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XK10+460,

)*'4-(XK10+460.

]*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XKI0+460.

)*'4-(XK10+460.

[XK710+460.)**4-(XKI0+460.

(XK711+460.)**4-{XKI0+460.

)*'4)/XK1233)

**4 /XK1233)

"'4 /XK1233)

"'4 /XK1233)

**4 /XK1233)

**4 /XK1233)

**4 /XK1233)

**4 /XK1233)

*'4 /XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

(XK712+460.)**4-(XKI0+460.)**4)/XKI233)

((XK713+460.)**4-(XKI0+460.)t*4)/XKI233)

((XK716+460.]**4-(XKI0+460.)**4)/XKI233)

((XK717+460.)**4-(XKI0+460.)**4)/XKI233)

+(XK5575*((XK23+460.)**4-(XKI0+460.)**4)/XKI233)

XK833=XKI71+XKI72

XKI73=(XK5601*((XK701+460.

+(XK5602t((XK702+460.

+{XK5603*((XK706+460.

+(XK5604*((XK707+460.

+(XK5605*((XK789+460.

+ XK5606*((XK790+460.

+ XK5607*((XK791+460.

+ XK5608*((XK792+460.

+ XK5609*((XK793+460.

+ XK5610*((XK794+460.

+ XK5611*((XK795+460.

+ XK5612*((XK796+460.

+ XK5613*((XK797+460.

+ XK5614*((XK761+460.

+ XK5615*((XK710+460.

+ XK5616*((XK711+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.I

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

*'4-(XKI0+460.

I*'4-(XKI0+460.

I*'4-(XKI0+460.

*'4-(XKI0÷460.

*'4]/XK1233)

**4 /XK1233)

**4 /XK1233)

**4 /XK1233)

**4 /XK1233)

**4 /XK1233)

**4 /XK1233)

*'4 /XK1233)

*'4 /XK1233)

**4 /XK1233)

**4 /XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)

*'4)/XK1233)
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XKI74=(XK5617"((XR712+46C.)*'4-(X_t+460.)*'4)/XKI233)

+{XK5628"((XR713_46O.)*'4-(XH[3_460.)**4)/XKI233)

+{XK5619*((XKTI5+460.)''4-(X_I3-460.)''4)/XKI233)

+(XK5620*((XK716+460.)''4-(XKI0*460.)**4)/XKI233)

+(XK5621*((XK23+460.)**_-(XHIO*460.)_,4)/XKi233)

XK834=XKI73+XK]74

XK835=(XK5631*

+{XK5632"

+(XK5633"

+(XK5634"

+(XK5635"

+(XK5636"

+(XK5637"

÷(XK5638"

+(XK5639"

XK791+460.

XK792+460.

XK793+460.

XK794+460.

XK756+460.

XR757+460.

XK758+460.

XK759+460.)

XK796+460.)

+(XK5640"((XK797+460.)

+(XK5641*((XK761+460.)

+(XK5642"((XK762+460.)

+(XK5643"((XKTIO+460.)

+(XK5644*((XK711+460.]

*t 4 -

.I, 4 -

**4-

*"4-

*'4-

**4-

**4-

**4-

**4-

**4-

**4-

+(XK5645*((XK712+460.)''4-

+(XK5646*((XK713+460.)*'4-

+(XK5647"((XK714+460.)''4-

*(XK5648*((XK715+460.)''4-

XKI0+460.)''4

[XKI0+460.)''4

XK_0+460.)''4

×KI0+460.)''4

XKI0+460.)*'4

XKI0+460.)*'4

XKI0+460.)''4

XKI0+460.)*'4

XKI0+460.)*'4

XKI0+460.)*'4

XKI0+460.)*'4

XKI0+460.)*'4

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

/XK1233)

XKIO+460.)**4)/XKI233)

XK]0+460.)**4)/XKI233)

XKIO+460.)**4)/XKI233)

XKIO+460.)**4)/XKI233)

XKI0+460.)''4)/XKI233)

XKI0+460.)**4)/XKI233)

+(XR5649*({XK23+460.)''4-(XKIO+460.)**4)/XKI233)

XKI74=(XK5651*(

+(XK5652"(

+(XK5653"(

+(XK5654"(

+(XK5655"(

+(XK5656"(

+(XK5657"(

+(XK5658"(

+(XK5659"I

+(XK5660"I

+(XK5661"

+(XK5662"

XKI75=(XK5663"

+(XK5664"

+(XK5665"

+(XK5666"

+(XK5667"

+(XK5668"

+(XK5669"

+(XK5670"

+(XK5671"

XK701+460.)**4-(XKI0÷460.)**4)/XKI233)

XK704+460.)**4-(XKI0+460.)**4)/XKI233)

XK706+460.)**4-(XKI0+460.)*'4)/XKI233)

XKT07+460.)**4-(XKI0+460.)**4)/XKI233)

XK754+460.)*'4-(XKI0+460.)**4)/XKI233)

XK755+460.)**4-(XKI0+460.)**4)/XKI233)

XK756+460.)**4-(XKIO+460.)**4)/XKI233)

XK757+460.)'*4-(XKIO+460.)**4)/XKI233)

XK758+460.)**4-(XKI0+460.)**4)/XKI233)

XK759+460.)*'4-(XKI0+460.

XK797+460.)**4-(XKI0+460.

XK760+460.)''4-(XKI0+460.

XK761+460.)'*4-(XKI0+460.

XK762+460.)*'4-(XKI0+460.

XK710+460.)**4-{XKIO+460.

×K711+460.)'*4-{XKI0+460.

XK712+460.)**4-(XKIO+460.

XK713+460.)**4-{XKI0+460.

XK714÷460.)**4-(XKIO+460.

XK717+460.)'*4-(XKI0+460.

XK23+460.)**4-(XKIO+460.

)*'4)/XK1233)

)*'4)/XK1233)

)*'4)/XK1233)

)*'4)/XK1233)

"'4)/XK1233)

*'4 /XK1233)

**4 /XK1233

*'4 /XK1233

**4 /XK1233

**4 /XK1233

**4 /XK1233

"'4)/XK1233)

XK836=XKI74+XKI75

XK837=(XK5681*((XK726+460.)**4-(XKI0+460.)*'4)/XKI237

+(XK5682*((XK23+460.)**4-(XKIO+460.)**4)/XKI237)

DO 35 N=I,37

XKII=0

XKI2=0

XKI3=0

XK28=0

XK29=O

XK66=O
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y

y

c

Y

y

c

y

c

c

F

F

C

XKITI=0.

XKI72=0.

XKI73=0.

XKI74=O.

XKI75=0.

XKI76=0.

TKI77=0.

XKII=(({XK(901+N-I))÷(XK(951+N-!))'((XK(6CI+N-I)*XKI0)

/2.0+460.))/XK(401÷N-I))'(XKIO-XK(601+N-I))

T40=XK47

TFILM=(XKIO_T40)/2.0

AIRCON=2.1E-5*TFILM*.0133

COND=AIRCON

:::::::::::::::::::::::::::::::::::::::::::::::::::::::

C DECIDE FOR NATURAL OR FORCED CONVECTION COEFFICIENT

:::::::::::::::::::::::::::::::::::::::::::::::::::::::

F IF(ITEST.EQ.3)GO TO 300

F IF(ITEST.EQ.2)GO TO 21

F IF(ITEST.EQ.I)GO TO 300

C

:::::::::::::::::::::::::::::::::::::::::::::::::::::::

C ..... -******''''" NATURAL CONVECTION * ...... "''**'**

:::::::::::::::::::::::::::::::::::::::::::::::::::::::

c

F300

F

c

Y

F

M

F

F

C

IF(TFILM.LE.32.)GRF=-(32500.*TFILM-4.2E6)

IF(TFILM.GT.32.)GRF=-20588.*TFILM*38]8824.

RA=GRF*ABS(XKIO-T40)'.72

CONNAT©.I'COND*RA*'(I./3.)

XK28=CONNAT

CONV=CONNAT

IF(ITEST.EQ.I)GO TO 31

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

********************* FORCED CONVECTION "*'*'*****'*****"

::::::::::::::::::::::::::::::::::::::::::::::::: .........

C

F21

F

C

M

M

Y

F

F

C

IF(TFILM.LE.32.)VIS=5.E-7"TFILM+I.3E-4

IF(TFILM.GT.32.)VIS=5.15E-?'TFILM+I.2853E -4

RE=XK(2151+N-I)*XK(1001+N-I)/VIS

CONFOR-(.46*RE-*.5+.00128*RE)*COND/XK(2151+N-I)

XK29=CONFOR

CONV-CONFOR

IF(ITEST.EQ.2)GO TO 31

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::

C'*'" .... "''''* NATURAL OR FORCED CONVECTION "'****'****

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::

C

F IF(CONNAT.GT.CONFOR) CONV=CONNAT

M XK(6001÷N-I)=CONV*(T40-xKI0)

C

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::

c

M XK66-100.

M TF=XKI0

ENT
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M

F31

F

F

F

F

F

F

F

F

C

C

F

M

C

C

M

C

RH-XK66

TR2TF+460.0

CIz2.6317601E-19

Elm23.35631703

C2-4.0942242E-16

E2-18.75385414

IF(TF.LE.33.7708962)W-CI*(TR/100.)**EI

IF(TF.GT.33.7708962)W_C2*(TR/100.)**E2

W-W*RH/100.

WHTY=W

SM-STEST-WHTY

XKI4-(I.I'CONV'(DMAXI(0.D0,SM))/.24)*I075.16

XK40=XK(3001+N-I)/XK(1201+N-I)

C HEAT BALANCE

C:::::==:=:IIIIIIIIIIIIIIIII==IIIIii=iiIIIIIiIiIIIII:iiiiI=

c

M XKI2-XKII-(XK(e01+N-I)+XK(60OI+N-I)+×KI_+XK40)

C

C/1/1/1///////////////////////////M/////////////////////

C/////////////// ICE RATE ////////////////////////////

Cllllllllllllllll/ll//lllllll/lllll//llll///ll/ll///ll/

C

ZTOT=XKI2/143.3

XKI3_ZTOT*I2./57.

ICE RATE ( LB H20/FT2/HR )

XKI6zXKI2/143.3

ICE RATE (IN/HR)

XKI3=XKI6*I2./57.

T(701+N-I)=XKI3

C==2I===I====III==_=Ii=_IIIIi=i_iIIIi=II==Z===

C ICE ACCUMMULATION

C====I=====IIii===III_IiI_=I=_I=i_II====i

C

C ICE FORMATION

C

M IF(XKI3 .GE. 0.0 )THEN

M T(801+N-I)-T(801+N-I)+XKI3*DTIMEI

M T(901+N-I)-T(901+N-I)+XKI6*DTIMEI*XK(1201+N-I)

F ENDIF

M XKIS-0.

M XKI7-0.

C

C ICE MELTING

C

M IF(XKI3 .LT. 0.0 )THEN

M XKI5_-XKI3*DTIMEI

M XKI7--XKI6*DTIMEI*XK(1201+N-I)

M T(801+N-I)-T(801+N-I)-XKI5

M T(901+N-I)-T(901+N-I)-XKI7

F ENDIF

C

M XKIS-T(801+N-I)

M XKI9-T(901+N-I)

C

M IF(×KI8 .LT. 0.0 )THEN

M T(801+N-I)-0.0

$ LAT
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M T (901+N-i)-0.0

F ENDIF

C

M XK36=T(20I+N-I)

M IF(KTEST .EQ. 2)THEN

M T(401+N-I)=XK36 *DTIMEI

F ENDIF

C

C

F35 CONTINUE

END

BCD 3OUTPUT CALLS

C

F

F

F

F

C

C

M

M

M

F

C

C

DIMENSION TAMB(0:23),RELHUM(0:23),CLOUD(0:23)

DIMENSION WS(0:23),WD(0:23)

INTEGER HR

COMMON/ICE/TAMB, RELHUM, CLOUD,WD,WS

IF(KTEST .EQ.

RTEST=RTEST+I

HR-RTEST

ENDIF

2)THEN

TPRINT

IF(KTEST.EQ.2)THEN

XK471TAMB(HR)

XK3-RELHUM(HR)

XK9-CLOUD(HR)

XK260-WD(HR)

XK261-WS(HR)

ENDIF

DIF=TIMEND-TIMEN

IF(DIF .LT. .01 .AND. KTEST .EQ. 2)THEN

STOP

ENDIF

END

BCD 3END OF DATA
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SINDA OUTPUT LISTING (STEADY-STATE & TRANSIENT)

ST$ 3G PREoLkUWCH SURFACE E_VIRON_PrT MODEL (A-.4)

"*" NOTE *'o STDSTL NgOUIRE.$
1544 DYNAMIC STORAGE LOCATIONS OUT OF ]8964 AVAILABLE ***

TI_- 0.00000E+00, DTIIqEU- 0.0000OE+00, CSCJ41N{ 0)- 0.00000E+00 ATH!PCC ( 0)- 0.00000E+00, D'r'r_PCC( 0)- 0.00000E+00I/3OPCT- 0

• SENGIN- 1,036|9E+0|, ENGBAL--3.32370E*10 , ARLXCC( 0)- 0 00000E+00, DRLXCCI 01- 0.00000E*00

T 100] - 36.0000 T 1002 - 36.0000 T 1003 - 36,0000 T 1004 - 36.0000 T 1005 - 36.0000 T 1006 - 36.0000

T 1007 - 36.0000 T 1009 - 36.0000 T 1009 - 36.0000 T 1010 - 36.0000 T 1011 - 36.0000 T 1012 - 36.0000

T 1013 - 36.0000 T 1014 - 36.0000 T 1015 - 36.0000 T 1016 - 36.0000 T 1017 - 36.0000 T 1018 - 36.0000

T lOiS - 36.0000 T 1020 - 36.0000 T 102] - 36.0000 T 1022 - 36.0000 T 1023 - 36.0000 T 1024 - 36.0000

T 1025 - 36.0000 T 1026 - 36.0000 T 1027 - 36.0000 T 1028 - 36.0000 T 1029 - 36.0000 T 1030 - 36.0000

T ]031 - 36.0000 T 1032 - 36.0000 T 1033 - 36.0000 T ]034 - 36.0000 T 1035 - 36.0000 T 1036 - 36.0000

T 1037 - 36.0000 T 200] - 36.0000 T 300] - 36.0000 T 4001 - 36.0000 T 5002 - 36.0000 T 2002 - 36.0000

T 3002 - 36.0000 T 4002 - 36.0000 T 5002 - 36.0000 T 2003 - 36.0000 T 3003 - 36.0000 T 4003 - 36.0000

T 5003 - 36.0000 T 2004 - 36.0000 T 3004 - 36.0000 T 4004 - 36,0000 T 5004 - 36.0000 T 2005 - 36.0000

T 3005 - 36.0000 T 4005 - 36.0000 T 5005 - 36.0000 T 2006 - 36.0000 T 3006 - 36.0000 T 4006 - 36.0000
T 5006 - 36.0000 T 2007 - 36.0000 T 300? - 36.0000 T 4007 - 36.0000 T 5007 - 36 0000 T 2008 - 36.0000

T 3008 - 36,0000 T 400| - 36.0000 T 5009 - 36,0000 T 2009 - 36.0000 T 3009 - 36_0000 T 4009 - 36.0000

T 5009 - 36.0000 T 2010 - 36.0000 T 3010 - 36.0000 T 4010 - 36.0000 T 5010 - 36.0000 T 201] - 36.0000

T 301] - 36.0000 T 4011 - 36.0000 T 501] - 36.0000 T 2012 - 36.0000 T 3012 - 36.0000 7 40]2 - 36.0000

T 50]2 - 36.0000 T 20]3 - 36.0000 T 3013 - 36.0000 T 4013 - 36.0000 T 5013 - 36.0000 T 20]4 - 36.0000

T 3014 - 36.0000 T 4014 - 36.0000 T 5014 - 36.0000 T 2015 - 36.0000 T 3015 - 36.0000 T 4015 - 36.0000

T 5015 - 36.0000 T 2016 - 36.0000 T 3016 - 36,0000 T 4016 - 36.0000 T 5016 - 36.0000 T 2017 - 50.0000

T 3017 - 50.0000 T 4017 - 50.0000 T 5017 - 50.0000 T 20]8 - 50.0000 T 3011 - 50.0000 T 4018 - 50.0000

T 5018 - 50.0000 T 2019 - 50,0000 T 3019 - 50.0000 T 4019 - 50.0000 T 5019 - 50.0000 T 2020 - 50.0000

T 3020 - 50.0000 T 4020 - SO.O000 T 5020 - 50.0000 T 202] - 36.0000 T 302] - 36.0000 T 4021 - 36.0000

T 502t - 36.0000 T 2022 - 36.0000 T 3022 - 36.0000 T 4022 - 36.0000 T 5022 - 36.0000 T 2023 - 36.0000

T 3023 - 36.0000 T 4023 - 36.0000 T $023 - 36.0000 T 2024 - 36.0000 T 3024 - 36.0000 T 4024 - 36.0000

T 5024 - 36.0000 T 2025 - 50.0000 T 3025 - 50.0000 T 4025 - 50.0000 T 5025 - 50.0000 T 2026 - 50.0000

T 3026 - 50.0000 T 4026 - 50.0000 T 5026 - 50.0000 T 2027 - 50.0000 T 3027 - 50.0000 T 4027 - 50.0000

T 5027 - 50.0000 T 2028 - 50.0000 T 3028 - 50.0000 T 4029 - 50.0000 T 5028 - 50.0000 T 2029 - 50.0000

T 3029 - 50.0000 T 8029 - 50.0000 T 5029 - 50.0000 T 2030 - 50.0000 T 3030 - SO.O000 T 4030 - 50.0000

T 5030 - 50.0000 T 203] - 50.0000 T 3031 - 50.0000 T 4031 - SO.O000 T 5032 - 50.0000 T 2032 - 36.0000

T 3032 - 36.0000 T 4032 - 36.0000 T 5032 - 36.0000 T 2033 - 50.0000 T 3033 - 50.0000 T 4033 - 50.0000
T 5033 - 50.0000 T 2034 - 50.0000 T 3034 - 50.0000 T 4034 - 50.0000 T 5034 - 50,0000 T 2035 - 50.0000

T 3035 - 50.0000 T 4035 - 50.0000 T 5035 - 50.0000 T 2036 - 50.0000 T 3036 - 50.0000 T 4036 - 50.0000

T 5036 - 50.0000 T 2037 - 50.0000 T 303? - 50.0000 T 4037 - 50.0000 T 5037 - 50.0000 T 21001 - 50.0000

T 21002 - 50.0000 T 21003 - 50.0000 7 21005 - SO.O000 T 21006 - 50.0000 T 21007 - 50.0000 T 21009 - 50.0000

T 21010 - 50.0000 T 21011 - 50.0000 T 21013 - 50.0000 T 21014 - 50.0000 T 21015 - 50.0000 T 21004 - 50.000O

T 21008 - 50.0000 T 21012 - SO.O000 T 21016 - 50.0000 T 21017 - 50.0000 T 21018 - 50.0000 T 21019 - 50.0000

T 21020 - 50.0000 T 2102] - 50.0000 T 21022 - 50.0000 T 2]023 - 50.0000 T 21024 - 50.0000 T 21025 - 50.0000

T 21026 - 50.0000 T 21027 - 50.0000 T 21029 - 50.0000 T 21029 - 50.0000 T 21030 - 50.0000 T 21032 - 50.0000

T 2]032 - 50.0000 T 21033 - 50.0000 T 21034 - 50.0000 T 21035 - 50.0000 T 21036 - 50.0000 T 21037 - 50.0000

T ]200] - 50.0000 T 12002 - 50.0000 T 12003 - 50.0000 T 12004 - 50.0000 T 12041 - 50,0000 T 12042 - 50.0000

T 12043 - 50.0000 T 12044 - 50.0000 T 12045 - 50.0000 T 12046 - 50.0000 T 12047 - 50.0000 T 12041 - 50.0000

T 12085 - 50.0000 T 12066 - 50.0000 T 12087 - 50.0000 T 12068 - 50.0000 T 12005 - ?0.0000 T 12012 - 70.0000

T 12019 - 70.0000 T 12026 - 70.0000 T 12006 - 70.0000 T 12013 - 70.0000 T 12020 - 70.0000 T 12027 - 70.0000

T 12007 - 70.0000 T 12014 - 70.0000 T 12021 - 70.0000 T 12028 - 70.0000 T 12008 - 70.0000 T 12015 - 70.0000

T 22022 - 70.0000 T 12029 - 70.0000 T 12009 - 70.0000 T 12016 - 70.0000 T 12023 - 70.0000 T 12030 - 70.0000

T 12010 - 70.0000 T 12017 - 70.0000 T 12024 - 70,0000 T 12031 - 70.0000 T 12011 - 70.0000 T 12019 - 70.0000

T 12025 - 70.0000 T 12032 - 70.0000 T 12033 - 70.0000 T 12034 - 70.0000 T 12035 - 70.0000 T 12036 - 70.0000

T 12037 - 70.0000 T 12038 - 70,0000 T 12039 - 70,0000 T 12040 - 70.0000 T 22001 - 70.0000 T 22002 - 70.0000
T 22003 - 70.0000 T 22004 - ?0.0000 T 22041 - 70.0000 T 22042 - 70.0000 T 22043 - 70.0000 T 22084 - 70.0000

T 12049 - ?0.0000 T 12056 - 70.0000 T 12063 - 70.0000 T 12070 - 70.0000 T 12050 - 70.0000 T 12057 - 70.0000

T 12064 - 70.0000 T 12072 - 70.0000 T 1205] - 70.0000 T 12059 - 70.0000 T 12065 - 70.0000 T 12072 - 70.0000

T 12052 - 70.0000 T 12059 - 70 0000 T 12066 - 70.0000 T 12073 - 70.0000 T 12053 - 70.0000 T 12060 - 70.0000

I(c) ODPYR]GHT 1982,1903,19|4,19|5,]956,15|7 J.D.GA3KI SINDA/lgIg/ANSI 1.31 NETNORK ANALYSIS ASSOCIATES, INC. - PAGE
2

STS 36 PRE-IAUNCH SURFACE ENVIRON_NT I_3DEL (A-.B)

T 12067 - 70,0000 T 12074 - 70.0000 T 12054 - 70.0000 T 1206] - 70.0000 T 12060 - 70.0000 T 12075 - 70.0000

T 12055 - 70.0000 T 12062 - 70.0000 T 12069 - 70.5000 T 12076 - 70.0000 T 12077 . 70.0000 T 12078 - ?0.0000

T 12079 - ?0.0000 T 12080 - T0.0000 T 12081 - 70.0000 T 12002 - 70.0000 T 12013 - 70.0000 T 12064 - 70.0000
T 22045 - 70.0000 T 22046 - 70.0000 T 22047 - 700000 T 22048 - 70.0000 T 22095 - 70.0000 T 22086 - 70.0000

T 22007 - 70.0000 T 22068 - 70.0000 T 22005 - ?O.OODO T 22006 - 70.0000 T 22007 - 70.0000 T 22008 - 70.0000

T 22009 - 70,0000 T 22010 - 70.0000 T 22011 - 70.0000 T 22012 - 70.0000 T 22013 - ?0.0000 T 22014 - ?0.0000

7 22015 - 70.0000 T 22016 - 70.0000 T 22017 - ?0.0000 T 22014 - ?0.0000 T 22019 - 70.0000 T 22020 - ?0.0000

T 22021 - 70.0000 T 22022 - ?0.0000 T 22023 - 70.0000 T 22024 - ?0,0000 T 22025 - 70.0000 T 22026 - 70.0000

T 2202? - 70.0000 T 22028 - 70.0000 T 22029 - 70.0000 T 22030 - ?0.0000 T 22031 - 70.0000 T 22032 - ?0.0000

T 22049 - 70.0000 T 22050 - 70.0000 T 22051 - 70.D000 T 22052 - 70.0000 T 22053 - 70.0000 T 22054 - ?0.0000

T 22055 - ?0,0000 T 22056 - 70,0000 T 22057 - 70.0000 T 22055 - 70.0000 T 22059 - ?0.0000 T 22060 - 70.0000

T 22061 - 70.0000 T 22062 - 70.0000 T 22063 - ?0.0000 T 22064 - 70.0000 T 22065 - 70,0000 T 22066 - 70.0000

T 2206? - 70.0000 T 22061 - 70.0000 T 22069 - 70.0000 T 220?0 - ?0.D000 T 22071 - 70.0000 T 22072 - 70.0000

T 220?3 - ?0.0000 T 220?4 - ?0.0000 T 22075 - ?0.0000 T 220?6 - 70.0000 T 22033 - 70.0000 T 22034 - ?0.0000

T 22035 - ?0.0000 T 22036 - 70.0000 T 2203? - 70.0000 T 22038 - 70.0000 T 22039 - 70.0000 T 22040 - 70.0000

T 22077 - 70.0000 T 22078 - 70.0000 T 22079 - 70.0000 T 22080 - 70.0000 T 22001 - 70,0000 T 22062 - 70.0000

T 22013 - ?0.0000 T 22084 - 70.0000 T 31005 - 12.0000 T 31006 - 62.0000 T 31007 - 62.0000 T 31009 - 02.0000

T 31009 - 82.0000 T 31010 - 02.0000 T 31011 - 02.0000 T 31022 - 12.0000 T 31013 - 82.0000 T 31014 - 82.00O0

T 31015 - |2.0000 T 31016 - 42.0000 T 31017 - 02.0000 T 31014 - 82.0000 T 31019 - 82.0000 T 31020 - 42.0000

T 3102] - 82.0000 T 31022 - 62.0000 T 31023 - 02.0000 T 31024 - 82.0000 T 31025 - |2.0000 T 31026 - 82.0000

T 31027 - 62.0000 T 31028 - 12.0000 T 31029 - 12.0000 T 31030 - |2.0000 T 31031 - 62.0000 T 31032 - 82.0000

T 31033 - 12.0000 T 31034 - 12.0000 T 31035 - 62.0000 T 31036 - 62.0000 T 31037 - 82.0000 T 31034 - 62.0000

T 31039 - 02.0000 T 31040 - 12.0000 T 31049 - 82.0000 T 31050 - 62.0000 T 31051 - 12.0000 T 31052 - 82.0000

T 31053 - 82.0000 T 31054 - 62.0000 T 31055 - 12.0000 T 31056 - 82.0000 T 31057 - 82.0000 T 31051 - 12.0000

T 31059 - 62.0000 T 31060 - 12.0000 T 31061 - 12.0000 T 31062 - 12.0000 T 31063 - 62.0000 T 31064 - 12.0000

T 31D65 - 12.0000 T 31066 - 42.0000 T 31067 - 62.0000 T 31066 - 12.0000 T 31069 - 82.0000 T 3]070 - 02.0000

7 31071 - 82.0000 T 31072 - 12.0000 T 31073 - 62.0000 T 31074 - 62.0000 T 31075 - 82.0000 T 31076 - 82.D000

T 31077 - |2.0000 T 31071 - 62.0000 T 31079 - 12.0000 T 31010 - 62.0000 T 31011 - 82.0000 T 31002 - 42.0000

T 31013 - 12.0000 T 31014 - 12.0000 T 32005 - 12.0000 T 32006 - 12.0000 T 32007 - 12.0000 T 32001 - 12.0000

T 32009 - 62.0000 T 32010 - 12.0000 T 32011 - 62.0000 T 32012 - 12.0000 T 32013 - 12,0000 T 32014 - 02.0000

T 32015 - 12,0000 T 32016 - 12.0000 T 32017 - 92.0000 T 32010 - 12.0000 T 32019 - 62.0000 T 32020 - 62.0000

T 32021 - 12.0000 T 32022 - 02.0000 T 32023 - 62.0000 T 32024 - 62.0000 T 32025 - 02.0000 T 32026 - 02.0000

T 32027 - 02.0000 T 32020 - 02.0000 T 3202_ - 02.0000 T 32030 -* 02.0000 T 32031 - 82.0000 T 32032 - m2.0000

T 32033 - 12.0000 T 32034 - 62.0000 T 32035 - 02.0000 T 32036 - 12.0000 T 32037 - 12.0000 T 32039 - 62.0000

T 32039 - 12.0000 T 32040 - 12.0000 T 32049 - 12.0000 T 32050 - 02.0000 T 32051 - 02.0000 T 32052 - 62.0000

T 32053 - 62.0000 T 32054 - 42.0000 T 32055 - 02.0000 T 32056 - 82.0000 T 32057 - 02.0000 T 32058 - 62.0000

T 32059 - 12.0000 T 32060 - 82.0000 T 32061 - 62.0000 T 32062 - 12,0000 T 32063 - 12.0000 T 32064 - 12.0000
T 32065 - 12.0000 T 32066 - 62.0000 T 3206? - 82.0000 T 32064 - $2.0000 T 32069 - 82.0000 T 320?0 - 12,0000

T 32071 - 12.0000 T 320?2 - 62.0000 T 32073 - 02.0000 T 32074 - 42.0000 T 32075 - -62.0000 T 320?6 - 82.0000
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320?7 - 12.0000 T 32071 - 12.000C T 32079 =

32013 - 12.0000 T 32014 - 12.0000 T 33005 =

33009 - 12,0000 T 33010 - 12.0000 T 330;2 -

33015 - 82.0000 T 33016 - 12.0000 7 330_7 -

" 3302: - 12,0000 T 33022 - 12.0000 T 33023 -

33027 - 12.0000 T 33021 - 82.0000 T 33029 -

33033 - 12,0000 T 33034 - 12.0000 T 33035 -

" 33039 - 12.0000 T 33040 - 82.0000 T 33049 -

33053 - 82.0000 T 33054 - 82.0000 T 33055 "

" 33059 - 12.0000 T 33060 - 12.0000 T 33061 -
" 33065 - 82.0000 T 33066 - I2.000C T 33067 -

33031 - 12.0000 T 33072 - 12.0000 T 33073 -

33077 - 12.0000 T 3307a - 12.0000 T 33079 -

- 33013 - 12.0000 T 33084 - 82,0000 T 34005 -

" 34009 - 12.0000 T 34010 - 12.0000 T 3401: -

34015 - 82.0000 T 34016 - 12.0000 T 34017 -

34021 - 82.0000 T 34022 - 82.0000 T 34023 -

" 34027 - 82.0000 T 34028 - 82.0000 T 34029 -

t2.000: T 32010 - 82.0000 T 3201] - 12,0000 T 32012 - 12.0000
82030: ? 33006 - 82.0000 T 33007 - 12.0000 T 33001 - 12.0000

82000: T 33C12 - 12.0000 T 33013 - 82.0000 7 33014 - 12,0000

g2.0COC T 33018 - 82.0000 T 33019 - 12.0000 T 33020 - 12.0000

12.0000 T 33024 - 12.0000 T 33025 - 82.0000 T 33026 - 12.0000
82.0C00 _ 33030 - 82.0000 T 33031 - 82.0000 T 33032 - $2.0000

82.0003 T 33036 - 12.0000 T 3303? - 82.0000 T 33031 - 12.0000

82.000_ T 33050 - 82.0000 T 3305] - 12.0000 T 33052 - 12.0000

12.0000 T 33056 - 12.0000 T 3305? - 82.0000 T 33051 - 82.0000

82.0000 T 33062 - 12.0000 T 33063 - 12.0000 T 33064 - 12,0000

82.0000 T 33068 - 12.0000 T 33069 - 12.0000 T 33070 - 12.0000

g2.000C 7 33034 - 12.0000 T 33075 - 12.0000 T 33076 - $2.0000

82.0000 T 33080 - 82.0000 T 33011 - 12,0000 T 33082 - 12.0000

12.0000 T 34006 - 82.0000 T 34007 - 12.0000 T 34008 - 82.0000

82.000_ T 34012 - 82.0000 T 34013 - 12.0000 T 34014 - 12.0000

12,0000 T 34011 - 12.0000 T 340]9 - 12.0000 T 3402C- 82.0000

12.0000 T 34024 - 12,0000 T 34025 - 82.0000 T 34026 - 12.0000

82,0000 T 34030 - 12.0000 T 34031 - 12.0000 T 34032 - 12.0000

S]NDA/]9gT/ARSI _.31 WETNDRK AMALYSIS ASSOCIATES, INC. - PAGE 3
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34033 - 12.0000 T 34034 -

34039 - 12.0000 T 34040 -
34053 - 82.0000 T 34054 -

34059 - 12,0000 T 34060 -

34065 - 82.0000 T 34066 -

" 34071 - 82.0000 T 34072 -

34077 - 82.0000 T 34078 -

" 34013 - 12.0000 T 34014 "

42008 " 70.0000 T 42015 "

42024 - ?0.0000 T 42031 "

42052 " ?0.0000 T 42059 "

42068 - 70.0000 7 42075 -

43001 - ?0.0000 T 43015 -

7 43024 - 70.0000 T 43031 -

T 43052 - 70.0000 T 43059 -
4306g - 70.0000 T 43075 -

8015 - 50.0000 T 1036 -

6000 - 50.0000 T 6010 -

6060 - 50.0000 T 6070 -

602] - 50.0000 T 6031 -

6081 - 50.0000 T 609] -
9000 - 50.0000 T 900] -

12.0000 T 34035 -

82.0000 T 34049 -
12.0000 T 34055 -

12.0000 T 3406_ -

82.0000 T 34067 -

82.0000 T 34073 -

12.0000 T 340?9 -

12.0000 T 42006 -

?0.0000 T 42022 -

?0.0000 T 42050 -

70.0000 T 42066 -

70.0000 T 43006 -

70,0000 T 43022 -
?0,0000 T 43050 -

?0.0000 T 43066 "

70.0000 T 1000 -

50.0000 T 1020 -

50.0000 T 6020 -

50.0000 T 6080 -

50.0000 T 604] "

50.0000 T 500 -
50.0000 T 9002 -

7000 - -423.0000 T 700] - -297.0000 T ?002 -

8890 - C.0000 T 889] - 240.0000 T 8192 -

13004 - 0.0000 T 13005 - 0.0000 T 13006 -

]30]0 - 0.0000 T 13011 - 0.0000 T 13012 -

13016 - 0.0000 T 13017 - 0.0000 T ]3011 -

13022 - 0.0000 T 13023 - 0,0000 T 13024 -

13021 - 0.0000 T 13029 - 0.0000 T 13030 -

]3034 - 0.0000 T 13035 - 0.0000 T 13036 -

]6003 - 0.0000 T 16004 - 0.0000 T 16005 "

16009 - 0.0000 T 16010 - 0.0000 T 16011 -

]6015 - 0.0000 T ]6016 - 0,0000 T 16017 -
16021 - 0.0000 T 16022 - 0.0000 T 16023 -

16027 - 0.0000 T 16021 - 0.0000 T 16029 -

16033 - 0.0000 T 16034 - 0.0000 T 16035 -

102 - 11.2211 T 103 - 11.4244 T 104 -

101 - 12.3562 T 109 - 13.1259 T 110 -

" 114 - 1.0619 T 115 - 1.3050 7 116 -

120 - 9.1444 T 121 - 14.9084 T 122 -
" 126 - 11.1494 T 127 - 19.2137 T 121 -

- 132 - ]1.2304 T 133 - 16.0421 T 134 -

" 151 - 0.5310 T 152 - 0.5540 T 153 -

T 157 - 0.5720 T 151 - 0.6100 T 159 -

T 163 - 0.3410 T 164 - 0.3910 T 165 -

T 169 - 0.6700 T 170 - 0,4160 T 171 -

T 175 - 0.9100 T 176 - 0.8960 T 177 -

T 111 - 0.9000 T 182 - 0.9000 T 113 -

T 117 - 1.2000 T 201 - 0.0000 T 202 -

T 206 - 0.0000 T 20? - 0.0000 T 201 -

T 212 - 0.0000 T 213 - 0.0000 T 214 -

T 218 " 0,0000 T 219 - 0.0000 T 220 -

T 224 - 0.0000 T 225 - 0.0000 T 226 -

T 230 - 0,0000 T 23] - 0.0000 T 232 -

T 236 - 0.0000 T 237 - 0.0000 T 401 -

T 405 - 0.000C T 406 - 0.0000 T 40? -

82.0000 T 34036 - 12.0000 T 34037 - 12.0000 T 34031 - 82,0000

82.0000 T 34050 - 12.0000 T 3405] - 82.0000 T 34052 - 12,0000

12,0000 T 34056 - 82.0000 T 34057 - 12.0000 T 34051 - 82.0000

12.0000 T 34062 - |2.0000 T 34063 - 82.0000 T 34064 - 12.0000

82.0000 T 34061 - 82.0000 T 34069 - 82.0000 T 34070 - 82.0000

82,0000 T 34074 - 82.0000 T 340?5 - 82.0000 T 34076 - 12.0000

82.0000 T 34080 - 12.0000 T 3408] o 82.0000 T 34012 - 12.0000

70,0000 T 42013 - 70.0000 T 42020 - 70.0000 T 4202? - ?0.000C

?0,00O0 T 42029 - 70.0000 T 42010 - 70.0000 T 420]7 - 70,0000

70.0000 T 4205? - 70.0000 T 42064 - 70.0000 T 4207] - 70,0000

70.0000 T 42073 - 70.0000 T 42054 - 90.0000 T 42061 - ?0.0000
70.0000 T 43013 - ?0.0000 T 43020 - 70.0000 T 43027 - 70.0000

70.0000 T 43029 = 30.0000 T 43010 - 70.0000 T 43017 - ?0.0000

70.0000 T 4305? - 70.0000 T 43064 - ?0.0000 T 4307] - 70,0000

70.0000 T 43073 - 70.0000 T 43054 - 70.0000 T 43061 - 70.0000

50.0000 T 1005 - 50.0000 T 1010 - 50.0000 T 1011 - 50.0000

50.0000 T 1025 - 50.0000 T 1030 - 50.0000 T 1035 - 50.0000

50.0000 T 6030 - 50.0000 T 6040 - 50.0000 T 6050 - 50.0000

50,0000 T 6090 - 50.0000 T 6001 - 50.0000 T 601_ - 50,0000
50.0000 T 605] - 50.0000 T 6061 - 50.0000 T 6071 - 50.0000

50.0000 T 501 - S0.0000 T S02 - 50.0000 T 503 - 50.0000

50.0000 T 9003 - 50.0000 T 40 - 63.2000 T 9999 - 34.7631

55.0000 T 7003 - 10.0000 T IIII - 63.2000 T 1119 - 21,4000

12.0000 T ]300] - 0.0000 T 13002 - 0.0000 T ]3003 - C.0000

0,0000 T 13007 - 0,0000 T 13001 - 0.0000 T ]3009 - 0,0000

0.0000 T ]3013 - 0,0000 T 13014 " 0.0000 T 13015 " 0.0000

0.0000 T 13019 - 0.0000 T ]3020 - 0.0000 T 1302] - 0.0000

0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - C.0000

0.0000 T 13031 - 0.0000 T ]3032 - 0.0000 T 13033 - 0.0000

0.000C T 13037 " 0.0000 T ]6001 - 0.0000 T 16002 " 0.0000

0.0000 T ]6006 - 0.0000 T 16007 - 0.0000 T 16001 - 0.0000

0,000C T 16012 - 0.0000 T 16013 - 0.000C T ]60]4 - 0,000C

0.0000 T 16011 - 0.0000 T 16019 - 0.0000 T 16020 - C.000C

0.D000 T ]6024 - 0,0000 T 16025 - 0.0000 T 16026 - 0,0000
0.0000 T ]6030 - 0.0000 T 16031 - 0.0000 T ]6032 - 0.0000

0.0000 T ]6036 " 0.0000 T 16037 - 0.0000 T ]01 - 10,1977

11.6675 T 105 - 12,3967 T 106 - 11.4244 T 107 - 11.5164

13.3214 T 111 " 13,1259 T 112 - 12.1121 T 113 - ?.0491

9.0747 T 117 - 13,3214 T 111 - 14.0172 T 119 - 13.5715

15.1920 T 123 - 14.5431 T 124 - 9,?634 T 125 - 11.4330

13,1146 T 129 - 14.9194 T 130 - 17.2176 T 131 - 18.2304
14,9084 T 135 - 13.7941T ]36 - 9.5601 T 137 - 24.30?2

0.5640 T 154 - 0.5760 T 155 - 0.6120 T 156 - 0.5640

0.6480 T 160 - 0,6510 T 161 - 0.6410 T 162 - 0.6360

0.4100 T 166 - 0,4410 T 167 - 0.6580 T 161 - 0.6920

0.7360 T i72 - 0.7500 T 173 - 0.7110 T 174 - 0.4820

0,9520 T I_8 - 0.6120 T 179 - 0.7400 T 110 - 0.1500

0.7920 T 184 - 0,7360 T 115 - 0.6800 T ]86 - 0.4720

0.0000 T 203 - 0,0000 T 204 " 0.0000 T 205 - 0.0000

0.0000 T 209 - 0.0000 T 210 - 0.0000 T 211 - 0.0000

0.0000 T 215 - 0.0000 T 216 - 0.0000 T 217 - 0.0000

0.0000 T 221 - 0.0000 T 222 - 0.0000 T 223 - 0.0000

0.0000 T 22? -, 0.0000 T 221 - 0.0000 T 229 - 0.0000

0.0000 T 233 - 0.0000 T 234 - 0.0000 T 235 - 0.0000

0.0000 T 402 - 0.0000 T 403 = 0.0000 T 404 - 0.0000

C.000C T 401 - 0.0000 T 409 - 0.0000 T 4]0 - 0.0000
0.0000

4
T 411 - 0.000C T 412 - 0.0000 T 413 - 0.0000 T 414 - 0.0000 T 4]5 - 0.0000 T 416 -

I(c) COPYRIGHT 1982,1913,1984,1985,1916,1917 J.D.GASK_ SINDA/1987/J_451 1.31NETMORK ANALYSIS ASSOCIATES, INC. - PAGE
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T 4]7 - 0.0000 T 411 - 0,0000 T 419 - 0.0000 T 420 " 0.0000 T 421 " 0.0000 T 422 " 0.0000

T 423 - 0.0000 T 424 - 0.0000 T 425 " 0,0000 T 426 " 0.0000 T 427 - 0.0000 T 428 " 0.0000

T 429 - 0.0000 T 430 - 0.0000 T 43] - 0.0000 T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

- 435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T 701 - 1.0000 T 702 - 1.0000 T 703 - 1.0000

704 - 1,0000 T ?05 - 1.0000 T 706 - 1.0000 T 703 - 1.0000 T 708 - 1.0000 T 709 - 1.0000

T 710 - 1,0000 T 711 - 1.0000 T 712 - 1.0000 T 713 - 1.0000 T ?]4 - 1.0000 T ?]5 - 1.0000
7]6 - 1.0000 T 717 - 1.0000 T 716 - 1.0000 T 719 - ].0000 T 720 - 1.0000 T _2] - 1.0000

722 - 1.0000 T ?23 - 1.0000 T 724 - 1.0000 T 725 - ].0000 T 726 - 1.0000 T 72? - ].0000

T 721 - ].O00C T 729 " 1,0000 T 730 " 1,0000 T 73] " 1.0000 T 732 - 1.0000 T 733 - 1.0000
T 734 - 1.0000 T 735 " ].0000 T ?36 - 1,0000 T 737 " 1.0000 T I0] - 0.0000 T 902 " 0.0000

" 103 - 0.0000 T 104 - 0.0000 T 105 - 0.0000 T 106 - 0.0000 T 109 - 0,0000 T 101 - 0.0000

109 - 0,0000 7 110 - 0,0000 T 111 - 0.0000 T 812 - 0.0000 T 813 - 0.0000 T 814 - 0.0000

T 115 - 0.0000 T 116 - 0,0000 T 117 " 010000 T 911 " 0"0000 T 119 " C'0000 T 120 " 0"0000

T 821 = 0.0000 T 122 - 0.0000 T 123 - 0.0000 T 124 - 0.0000 T 625 - 0.0000 T 926 - 0.0000

T 827 - 0,0000 T 128 = 0.0000 T 129 - 0,0000 T 930 - 0.0000 T 131 - C.000C T 132 - 0.0000

T 133 - 0.0000 T 134 - 0.0000 T 135 - 0,0000 T 136 - 0.0000 T 137 - 0,0000 T 901 - 0.0000

T 902 - 0.0000 T 903 - 0.0000 T 904 - 0.0000 T 905 - 0.0000 T 906 - 0.0000 T 90? - 0.O00C

T 901 - 0.000D T 909 - 0.0000 T 910 - 0.0000 T 911 - 0.0000 T 912 - 0.0000 T 913 - 0.O00C

T 914 - 0.0000 T 915 - 0.0000 T 9]6 - 0,000C T 937 - 0.0000 T 931 - 0.0000 T 919 - 0.0000

T 920 - 0.0000 T 92I - 0.0000 T 922 o C.0000 T 923 - 0,0000 T 924 - 0.0000 T 925 - 0.0000

T 926 - 0,0000 T 927 - 0.0000 T 921 - C.000C T 929 - 0.0000 T 930 - 0.000C T 931 - 0.0000

T 932 - 0.0000 T 933 - 0.0000 T 934 - 0,0000 T 935 • 0.0000 T 936 - 0.0000 T 937 - 0.0000

ST_STL RUN, ARLXCA-0.50000£-01, DRLXCA-0.50000E-01, BALENG--0.10000E+31, BENODE-0.50000E+30, NLOOP- 1600

"'" NOTE "'" REI2&XATION CRITERIA HAS BEEN M_ET WITH LOOPCT " 511
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ENGBAL - -370.971 AT _CT - 586

"'' NOTE *°* SYSTEM ENERGy B_LA_CE CRITERTA HA3 BEEN MET. ENG,]- -370.973 . ]XIOPCT - 5|8

EBNODE( 12007)- -313.113 AT IEOPCT- 518

*'* NOTE "** NODAL ENERGY BAIANCE CRITERIA HAS BEEN MET. EBNODEI 12007)- -313.113 , IDOPCT - 300

TIME- 0,00000E+00, DTIMEU- 0.00000E+00, CSGMIN( 0)- 0.0000DE*00, ATMPCC( 01- 0.00000E+O0, DTMPCC( 0)- 0.00000E*00

LOOPCT- 586 . ARLXCC( 01- 0.000004400. DRI*XCC( 5302|)- 2.247994-02

• 5ENGIN- 5.743914+05. F._GBA1,'-3.70958E*02

1001 - 39.9101 T 1002 - 35.9095 T 1003 - 37.]033 T 1004 " 40.3510 T 1005 " 43.9132 T 1006 " 35.3569
1007 - 40.1427 T 1006 " 42.|596 T 1009 - 44.4107 T 3010 - 40.5095 T 1011 - 40.4694 T 1012 " 42.3742

T 1013 " 36.2534 T 1014 " 33.2981T 1015 " 34.5560 7 1016 " 38.1149 T 1017 " 54.8118 T 1018 - 57.2593

T 1019 - 55.6909 T 1020 - 55.4715 T 102] - 41.6694 T 1022 - 42.6810 T 1023 - 41.4705 T 3024 - 36.7099

T 1025 - 45.244| T 1026 - 45.6224 T 3027 - 46.3580 T 1028 - 41.8105 T 1029 - 50.4551T ]030 - 50.7095

T 1033 - 51.4452 T 1032 - 51.2953 T 1033 - 46.3063 T 1034 - 46.4827 T 1035 - 43.8276 T 1036 - 41.1282

T 1037 - 59.6323 T 2001 - 4.0594 T 3001 - -7|.3443 T 4001 - -]|2.(_190 T 5001 - -327.5227 T 2002 - 0.2165

T 3002 - -81.$223 T 4002 - -184.9975 T 5002 - -328.5182 7 2003 - 1.4121 T 3003 - -90.$443 T 4003 - -le4.2966

T 5003 - -328.2208 T 2004 - 4.5030 T 3004 - -77.9593 7 4004 - -1|2.3717 T 5004 - -327.4035 T 2005 - 7.0340

T 3005 - -75.0635 T 4005 - -100.2_I T 5005 - -326,5187 T 2006 - 2.$246 T 3005 - -79.5901T 4005 - -I|3.5402

T 5006 - -327.|956 T 2007 - 4.2790 T 3007 - -75.2521T 4007 - -182.5097 T 5007 - -327.4595 T 2008 - 5.|405

T 3008 - -75.8266 T 4008 - -110.8145 T 5006 - -326.7514 T 2009 - 1.3033 T 3009 - -74.$559 T 4008 - -110.0041

T 5009 - -326,3950 T 2010 - 4.$243 T 3010 - -73.|524 T 4010 - -182.2946 T 5010 - -327.3_$ T 2011 - 4,5|$2

T 3011 - -77.1|59 T 4011 - -182.3189 T 5011 - -327.3776 T 2032 - $.3127 T 3012 - -7&.3244 T 4012 - -]|1.1898

T 5012 - -325.9031T 2013 - 0.$104 T 3013 - -|1.3415 7 4013 - -184.7879 T 5013 - -325.4379 T 2014 - -2.1761

7 3014 - -13,3525 T 4014 - -106.531| T 5014 - -329.1720 T 2015 - -0.9901T 3015 - -82.7321T 4015 - -185.7935

T 5015 - -328.|597 T 2015 - 2.3656 T 3016 - -79.8144 T 4035 - -383.7020 T 3015 - -327.%$95 T 2017 - 54.5350

T 3017 - 54.0016 T 4017 - 54.9205 T 5017 - 54.8758 T 2039 - 56.9771 T 3014 - 55.4124 T 4019 - 55.9473

_(C) COPYRIGHT 1952,]9|3,19|4,19|5,19|5o1957 J.D.GASKI SIMDA/1987/AN$1 1,31WZT_K AWALYSIS AISOCIATES, INC. - PAGE 5

STS 36 PRE-LAUWCH SURFACE ENVIRONMENT I_XIZL (A-.8)

T 501| - 55.2922 T 2019 - 55.6042 T 3019 - 55.4311 T 4019 - 55.25|2 T 5019 - 55.0051 T 2020 - 55.4124

T 3020 - 55.2941 T 4020 - 55.1760 T 5020 - 55.0583 T 2021 - 11,5992 T 3021 - -55.6923 T 4021 - -137.919|

T 5021 - -238.7494 T 2022 - 12.5296 T 3022 - -54.9131 T 4022 - -157.3440 T 5022 - -230.52|5 T 2023 - 11.4113

T 3023 - -55.0393 T 4023 - -138.0294 T 5023 - -238.7931 T 2024 - 5.8771 T 3024 - -58.5148 T 4024 - -140,7352

T 5024 - -239.8287 T 2025 - 14,9130 T 3025 - -52.8304 T 4025 - -135.8945 T 5025 - -237.9690 T 2026 - 15.0781

T 3026 - -52.8016 T 4026 - -135.7|34 T 5026 - -237.9305 T 2023 - 15.94|1 T 3027 -- -52.0505 T 4027 - -135.2500

T 5027 - -237.7260 T 2028 - 11.7201 T 3028 - -55.5|46 T 4028 - -133.9409 T 5028 - -23|.7197 T 2029 - 39.7587

T 3029 - -4|.93|% T 4029 - -132.8270 T 5029 - -235.|40| T 2030 - 20.0574 T 3030 - -4L$$61 T 4030 - -132.7246

T 5030 - -236.7525 T 2031 - 20.6752 T 3031 - -4|.1593 T 4031 - -132.3490 T 5031 - -236.61|3 T 2032 - 20.5388

T 3032 - -4|.2749 T 4032 - -132.4347 T 5032 - -235,6511T 2033 - 8.$823 T 3033 - -73.5958 T 4033 - -176.027|

T 5035 - -323.4087 7 2034 - 8,$5|8 T 3034 - -73.5499 T 4034 - -175.9206 T 5034 - -323.3546 T 2035 - 7.3318

T 3035 - -75.5412 T 4035 - -173.5605 T 5035 - -324.0280 T 2036 - 5.4358 T 3036 - -77.2104 T 4036 - -17|.6164

T 5035 - -324.5270 T 2037 - 62,1994 T 3037 - 67.3]44 T 4037 - 72.4050 T 5037 - 77,4716 T 21001 - -422.9849

7 21002 - -422.9|01 T 2]003 - -422.9|11 T 21005 - -422.9840 T 21006 - -422.9793 T 21007 - -422.8|12 T 21009 - -422.9|45

T 21010 - -422.9|01 T 21011 - -422.9807 T 23013 - -422.9|45 T 21014 - -422.9|04 T 21015 - -422.9|14 T 21004 - -422.9841

7 23008 - -422.9831 7 21012 - -422.9532 T 23036 - -422.9032 7 21017 - 54.9995 T 21019 - 54.9899 T 21019 - 54,9999
T 21020 - 54.9999 T 21021 - -296.9904 T 21022 - -296.9904 T 21023 - -295.9905 T 21024 - -296.990| T 21025 - -295.9805

T 21026 - -296.9909 T 21029 - -296.9911 T 21028 - -296.990| T 21029 - -286.9969 T 21030 - -295.9965 T 21031 - -296,9966

T 21032 - -296.9965 T 21033 - -422.9845 T 21034 - -422.9555 7 21035 - -422.9|52 T 21035 - -422.9|61 T 21037 - 79.9%92

T 12001 - 54.7129 T 12002 - 55.1561 T 12003 - 55.|753 T 12004 - 54.5742 T 12041 - 54.1526 T 12042 - 54.1492

T 12043 49.5001 T 32044 - 51.008] T 12045 * 54.8793 T 12045 - 55,3559 T 12047 - 57.3550 T 12048 - 56.9487

T 12045 - 54.9650 T 12096 - 55.5501 T 12007 - 53.3393 T 12088 - 54,3405 T 12005 - 52.8|45 T 12012 - 55.6518

T 12019 - 54.5445 T 12025 - 51.5627 T 12006 - 52.5350 T 12013 - 52.6721 T 12020 - 54.2154 T 12023 - 51.5375

T 12007 - 51.9192 T 12034 - 50.$635 T 12021 - 53.9146 T 12028 - 50,2528 T 12000 - 40.0501 T 12015 - 50.7495

T 12022 - 53.4054 T 12028 - 4|.5|74 T 12009 - 49.7804 T 12015 - 51.7244 T 12023 - 53.1572 T 12030 - 51.2201

T 12010 - 4|.9525 T 12037 - 51.9|31 T 12024 - 52.3900 T 12031 - 52.1047 T 12011 - 51.0861 T 12038 - 51.5550

T 12025 - 49,35|I T 12032 - 50.6024 T 12033 - 56.9554 T 12034 - 56.7082 T 12035 - 55.5150 T 12035 - 55.1230

T 12037 - 52.8525 T 12035 - 53.0418 T 12039 - 49.2448 T 12040 - 48.8359 T 22001 - 54.6981 T 22002 - 55.1903

T 22003 - 55.7477 T 22004 - 54.5874 T 22041 - 54.2495 T 22042 - 54.055| T 22043 - 49.9594 T 22044 - 51.6699

T 12049 - 52,8|52 T 12055 - 55.$345 T 12053 - 55.3077 T 12070 - 59.6257 T 12050 - 52.4257 T 12057 - 55.6511

T 12064 - 55.0353 T 12071 - 57.6129 T 12051 - 52.|532 T 12058 - 55.9500 T 12055 - 54.9891 T 12072 - 57.1254

T 12052 - 53.40]6 T 12059 - 56.]960 T 12066 - 55.1242 T 12075 - 53.3322 T 12053 - 55.2541T 12060 - 55.6402

T 12067 - 55.6124 T 12074 - 57.2308 T 12054 - 56.1611T 1206] - 56.6536 T 12069 - 55.9350 T 12075 - 57.4504

T 12055 - 57.1996 T 12062 - 56.6153 T 12059 - 55.2279 T 12076 - 57.7577 T 12077 - 59.8160 T 12078 - 57.5522

7 22079 - 55.2104 T 12080 - 55,4576 T 12011 - 55.9024 T 12082 - 54.3307 T 12053 - 55.2507 T 12084 - 55.7846
T 22045 - 55.3007 T 22046 - 56.3297 T 22047 - 57.3334 T 22046 - 58.5677 T 22085 - 54.9941 T 22086 - 55.7352

7 22087 - 53.2936 T 22000 - 54.3011 T 22005 - 52.0848 T 22006 - 52.5350 T 22007 - 51.|182 T 2200| - 48.0501
T 22009 - 49.7854 T 22010 - 48.9525 T 22011 - 51.8961T 22012 - 56.6510 T 22013 - 52.6723 T 22014 - 50.6535

T 22015 - 50.7495 T 22015 - 51.724| T 22017 - 51.9031T 22010 - 51.5550 T 22019 - 54.5445 T 22020 - 54.2154

T 22021 - 53.|146 T 22022 - 53.4054 T 22023 - 53.1672 T 22024 - 52.3000 T 22025 - 49.3581T 22025 - 51.5627

T 22027 - 51.5375 7 22024 - 50.2529 T 22029 - 44.5974 7 22030 - 51.2201 T 22031 - 52.1047 T 22032 - 50.6024

T 22049 - 52.6852 T 22050 - 52.4257 T 22051 - 52,$532 7 22052 - 53.4816 T 22053 - 55.2_81 T 22054 - 56.1611

T 22055 - 57.0995 T 22056 - 55.$345 T 22057 - 55.6611 T 22058 - 55.9500 T 22059 - 55.1K0 T 22050 - 55.6492

T 22061 - 56. $$36 T 22062 - 55.$183 T 22063 " 55.3077 T 22064 " 55.0353 T 22055 - 54.9891 T 22065 " 55.1242

T 22067 " 55.6124 T 22050 " 55.9350 T 22059 " 55.2278 T 22070 " 59.$257 T 22071 - 57.6129 T 22072 " 57.1258

T 22073 - 53.3322 T 22074 - 57.2308 T 22075 - 57.4504 T 22075 " 57.7577 T 22033 " 56.9554 T 22034 " 55.7052

T 22035 " 55.5150 T 22036 " 55.1230 T 22037 " $2,|125 T 2203| - 53.0418 T 22038 " 49.2449 T 22040 " 49,9359

T 22077 - 54.0160 T 22078 " 57.3522 T 22079 " 55.2104 T 22080 - 55.4576 T 22013 - 55.9024 7 22012 " 54.3307

T 22083 " 55.2607 T 22084 " 53.7846 T 31005 " 52.9948 T 31006 - 52.5366 T 31007 - 51.81$7 T 31008 " 48,0460

T 31009 - 49.7855 T 31010 " 4|.9525 T 31011 " 51.896] T 31012 - 55.6555 T 31013 " 52.7000 T 31034 " 50.6644

T 31015 " 50.7496 T 31016 " 51.7247 T 31017 " 51.9|32 T 31014 - 51.5650 T 31018 " 54.5446 T 31020 " 54.2157

T 31021 - 53.0346 T 31022 " 53.4133 T 31023 " 53.1573 T 31024 - 52.3800 T 31025 - 48.35|1 T 31026 " 51.5524
T 31027 - 51.5375 T 31028 - 50.2148 T 31029 - 45.55|4 T 31030 - 51.2201 T 31031 - 52.1047 7 31032 - 50.6024

T 31033 - 56,9554 T 31034 - 55.70|2 T 31035 - 55.5150 T 31036 - 55.1230 7 31037 - 52.8925 7 31030 - 53.0411

7 31039 - 49.2449 T 31040 - 49.8355 T 31049 - 52.6152 T 31050 - $2.4257 7 31051 - 52.8412 T 31052 - 53.4833

T 31053 - 55,25|2 T 31054 - 56,1511 T 31055 - 57.|9_S T 31055 - 55.$345 T 31057 - 55.6511T 31059 - 55.9500

T 31059 - 56.1960 T 33050 - 55.$492 T 31061 - 55.$$37 T 31052 - 56.6143 T 31063 - 55.3077 T 51064 - 55.0353

I(C) COPTRIGHT 1982,1903,1994,1995.1905,1987 3.D.GASK1 SINDA/1897/ANSI 1.31 NETMORK ARALT$15 A.55OCIATE$. INC. - PAGE 6

$35 36 PRE-IAUNCM S_RFACE F.A'VIRON_RT MODEL (k-.8)

T 31065 - 54,9091 T 31065 - 55.1242 T 31057 - 55.5124 T 31058 - 55.9350 T 31059 - 55.22?8 T 31070 - 59.$257

T 31071 - 57.512| T 3]0?2 - 57.1259 T 31073 - 57.3451T 31074 - 57.2319 T 31075 - 57.4505 T 3]076 - 57.7577

T 31077 - 59.0150 T 31076 - 57.3522 T 31079 - 55.2204 T 31080 - 56.4575 T 31091 - 55.9024 T 31092 - 54.3307

7 31013 - 55.2507 T 31054 - 53.7945 7 32005 - 52.1141 T 32006 - 32.5372 T 32007 - 51.1131 T 32001 - 41,0421

T 32009 - 49.7966 T 32010 - 40.9526 T 32011 " $I,|961 T 32012 " $$.558_ T 32013 " 52.7252 T 32014 " 50.6555

T 32015 - 50,3490 T 32015 - 51.7247 T 32037 - 51.9831 T 3201| - 51,5650 T 32018 - 54.5446 T 32020 - 54.2160

T 32021 - 53,4147 T 32022 - 53.4204 T 32023 - 53.1671 T 32024 - 32,3000 T 32025 - 48,3651 T 32026 - 51.5628

T 32027 - 51.5375 T 32026 - 50.1901 T 32029 - 48.5982 T 32050 - 51.2201 T 32031 - 52.1047 T 32032 - 50.$024

7 32033 - $6.9655 T 32034 - 55.?082 T 32035 - 55.3150 T 32036 - 55.1230 T 32037 - $2.9525 T 32031 - $3.041|

T 32039 - 49.2449 T 32040 - 49.9354 T 32049 - 52.6052 T 32050 - 52.4257 T 32051 - 52.8345 T 32052 - 53.4849
7 32053 - 55.2504 T 32054 - 56.1511 T 32055 - 57.9996 T 32056 - SS,$345 T 32057 - 55.6511 T 32054 - 55.%500

T 32059 - 56,1960 T 32050 - 55.$482 T 3205] - 56,$633 T 32052 - 55.51|3 T 32053 - 55.3077 T 32054 - 55.0353

T 32065 - 54.9881T 32065 - 55.1242 T 32057 - 55.$124 T 32054 - 55.9350 T 32059 - 55.2278 T 32070 - 59.6257

T 32071 - 57.6128 T 32072 - 57.1271T 32073 - 57.3570 T 32074 - 57.2326 T 32075 - 57.4605 T 32075 - 57.7577
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320_7

32083

_3009

330]5

3302]
_3027

33033

33039

23053

33059

33065

3307_

33077

33053

34009

34015

34O2]
34023

34033

34039

34053

34059

34065

3407_

34077

34053

42005

42024

42052

4206J
43OO8

- 43024

7 43052

7 43068

_ eC25
6000

7 6060

T 602_

7 6051

T 9000

- 58.9160 T 32078 - 57.3822 T 32079 - _ ; z

- 55.2607 T 32014 - 53.7|46 T 33005 - L1884

- 49.7566 T 330]0 - 41.9526 T 33021 = 51_9_:

- 50.7498 T 33016 - 51.7246 T 3301" o _ _>i

- 53.8147 T 33022 - 53.4243 T 33023 - 5_:_

- 5:.5375 T 33028 - 50.]616 T 33029 - 4_!_,

- 56.9655 T 33034 - 56.7042 T 33035 - 5551_:

- 49.2449 T 33040 -

- 55.2695 T 33054 -

- 56.1960 T 33060 -

- 54.9491T 33066 -

- 57.6128 T 33072 -

- 59.S]60 T 33078 -

- 55.2607 T 33014 -

- 49.7966 T 34010 -

- 50.7498 T 34016 -

- 53.S]47 T 34022 -

- 51.5375 T 34028 -

- 56.9655 T 34034 -

49.9352 T 33049 - 52.6_

56.]611T 33055 - 5_.e_g_

5E.64|2 T 33061 - 56¸663"¸

55,1242 T 33067 - 55,6;24

5_.127] T 33073 - 57.3634

57.3122 T 33079 - 56.2204

53.7546 T 34005 - 52.S_4_

4S.9526 T 3401] - 51.B961

51.7246 T 340]7 - 5_.9_3_

53.4243 T 34023 - 53,_67]

50.1616 T 34029 - 4|.5896

56.7042 T 34035 - 55.5150

_2_EC - 56.4536 T 320B1 - 55.9024 T 32082

33_06 - 52.5375 T 33007 -

_17 - 56.6607 T 33013 -

23C_8 " 51.5650 T 33019 -

33_24 - 52,3800 T 33025 -

_3030 - 51.2201 T 33031 -

3_036 - 55.1230 T 33037 "
_050 " 52.4257 T 33051 -

_3056 - 55,6345 T 33057 -

33362 - 56.6]a3 T 33063 -

3306_ - 55.9350 T 33069 -

33034 - 57.233] 7 33075 -

33080 " 56.4576 T 330_] -

34006 - 52.5375 T 34007 -

340i2 - 56,6607 T 34013 -

34018 - 51.5650 T 34019 -

34024 - 52.3900 T 34025 -

34030 - 51.220] T 34031 -

34036 - 55.1230 T 34037 -

- 54.330_

5].8122 T 33008 - 48.0395

52.73_ T 33014 - 50.666_

54.5446 T 33020 - 54.2]62

49.3681T 3302_ - 51.562_

52,1047 T 33032 - 50.6024

52._26 T 33038 - 53.0418

52.4273 T 33052 - 53.4958
55.6611T 3305_ - 55.9500

55.3077 T 33064 - 55.0355

56.2279 T 33070 - 59.6257

57.4605 T 33076 - 57.7577

55.9024 T 33082 - 54.3307

51,8122 T 34008 - 45.0395

52.7347 T 34014 - 50.666]

54,5446 T 34020 - 54.2162

49.369] T 34026 - 51.5628

52.1047 T 34032 " 50.6024

52.1426 T 34038 - 53.04]8

52.8273 T 34052 - 53.4858

55.6611T 34058 - 55.9500
55.3077 T 34064 - 55.0353

56.2279 T 34070 - 59.6257

57.4605 T 34076 - 57.7577

55.9024 T 340_2 - 54.3307

54.0150 T 42027 - 50._952

50.4243 T 42017 - 51.7_4_

55.0122 T 42071 - 57,3698

57.0303 T 42061 - 56.6410

54.0150 T 43027 - 50.4952

50.4243 T 430]7 - 51.774]

55.0122 T 43071- 57.3698

57.0503 T 4306] - 56,6410

43.5973 T 401] - 43,4797

45.1764 T 8035 - 52.0474

35.032] T 6050 - 35.0814

35.0457 T 6011 - 35.03_3

34.|054 T 6071 - 34.7900

36.4643 T 503 - 3_.2271

63.2000 T 9999 - 34.7631
28.4000

0.0000

0.000C
7

- 49.2449 T 34040 - 49.9352 T 34049 - 52.6852 34050 - 52.4257 T 34051 -

- 55.2695 T 34054 - 36.1611T 34055 - 57.899_ T 34056 - 55.6345 T 34057 -

- 56.1960 T 34060 - 56.6442 T 34061 - 56.6637 7 34062 - 56.6143 T 34063 -

- 54.9491T 34066 - 55.1242 T 34067 - 55.6124 T 34068 - 55._350 T 34069 -

- 57.6128 T 34072 - 57.1271 T 34073 - 57.3634 T 34074 - 57,2331 T 34075 -

- 5L|160 T 34078 - 57.3522 T 34079 - 56.2104 T 34010 - 56.4576 T 3408] -

- 55.2607 T 340|4 - 53.7|46 T 42006 - 52.177E T 42013 - 51.6678 T 42020 -
- 48.91|3 T 42015 - 51.2371T 42022 - 53.2863 T 42029 - 49._03| T 42010 -

- 50._740 T 42031 - 51.3535 T 42050 - 52.6444 T 42057 - 55.|055 T 42064 -
- 54,3749 T 42059 - 56.4221T 42066 - 55,36_3 T 42073 - 57.2416 T 42054 -

- 56.0815 T 42075 - 57.6091T 43006 - 52,1778 T 43013 - 51.667_ T 43020 -

- 44.9143 T 43015 - 51.2371T 43022 - 53.2963 T 43029 - 49.9034 T 43010 -

- 50,|_40 T 43031 - 51.3535 T 43050 - 52.6444 T 43057 - 55.8055 T 43064 -

- 54.3748 T 43059 - 56.4221T 43066 - 55.3685 T 43073 - 57.2|16 T 43054 -
- 56.0415 T 43075 - 57.6091 T 9000 - 42.2006 T B005 - 43.2398 T |010 -

- 41.4289 T 8016 - 42.2933 T 8020 - 4_.9289 T 8025 - 42.1796 T _030 m

-- 35.2032 T 6010 - 35.1665 T 6020 " 35.1318 T 6030 " 35.0990 T 6040 "

" 35.0537 T 6070 - 34.%155 T 6080 " 34.8596 T 6090 " 34.|239 T 6001 "

" 34.9733 T 603] - 34.8963 T 604] " 34.$64_ T 605] - 34.4433 T 6061 "

" 34.7402 T 609] " 34.763] T 500 " 35.9990 T 501 - 35.4322 T 502 -

" 34.7690 T 900] - 34.7698 T 9002 " 34.7684 T 9003 " 34.7677 T 40 "

T 7000 - -423.0000 T 700] - -297.0000 T 9002 - 55,0000 T 7003 - 90.0000 T 9418 - 63.200'0 T |||9 -

T 8990 - 0.000C T 8891 - 240.0000 7 |$92 - 12.0000 7 13001 - 0.0000 T 13002 - 0.0000 T 13003 -

" _3004 - 0.0000 T 13005 - 0.0000 T 13006 - 0,0000 T 13007 - 0.0000 T 13008 - 0.0000 T 13009 -

: _) COPYriGHT 19|2,1983,1954, 1985,1986, ]987 J.D.GASK_ 5INDA/1987/ANS2 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAGE

STS 36 pRE-IAUHCH SURFACE EH_IRON#_NT MODEL (A-.83
13010 " 0.0000 T 13011 - 0.000C T 13012 " 0.0000 T 13013 - C.000C T 13014 " 0.0000 T 13015 " 0.0000

13016 - 0.0000 T 13017 - 0.000C T 13018 - 0.0000 T 13019 - 0.0000 T 13020 - 0.0000 T 1302] - C.0000

33022 - 0.000C T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000

13028 - 0.0000 T 13029 - 0.0000 T 13030 - 0.0000 T 1303] - 0.0000 T 13032 - 0.0000 T 13033 - 0.0000

13034 - 0.0000 T 13035 - 0.0000 T 13036 - 0.0000 T 13037 - 0.0000 T 36001 - 0.0000 T 16002 - 0.0000

16003 - 0.0000 T ]6004 - 0.0000 T 16005 " 0.0000 T 16006 " 0.0000 T 16007 - 0.0000 T 16008 - 0.0000

16009 - 0.0000 T 16010 - 0.0000 T 16011 - 0.0000 T 16012 - 0.0000 T 16013 - 0.0000 T 16014 - 0.0000

]6015 - 0.0000 T ]6016 " 0.0000 T 16017 " 0.0000 T 16018 - 0.0000 T 16019 - 0.0000 T 16020 - 0.0000
16021 " 0.0000 T 16022 " 0.0000 T 16023 " 0.0000 T 16024 - 0.0000 T 16025 " 0.0000 T 16026 " 0.000C

16027 - 0.0000 T 1602_ " 0.0000 T 16029 " 0.0000 T 16030 " 0.0000 T 1603] " 0.0000 T 16032 " 0.0000

16033 - 0.0000 _ 16034 " 0.0000 T 16035 - 0.0000 T ]6036 " 0.0000 T 16037 - 0.0000 T 101 " 10.9977

102 - 11.22]$ T 103 - 11.4244 T 104 - 11.6675 T 105 - 12.3967 T 106 - 11.4244 T 107 - 11.5464

10_ - 22.3562 T 109 - 23.1259 T 110 - 13.3254 T 111 - 13.1259 T 112 - 12.9929 T 113 - 7.0491

114 - 9.0619 T 115 - B.3050 T 116 - 9.0747 T 117 - 13.3284 T 114 - 14.0172 T 119 - 13.5715

120 - 9.8444 T 121 - 14.9014 T 122 - 15.1920 T 123 - 14.5438 T 124 - 9,7634 T 125 - 18.4330

126 - 1|.1494 T 127 - 29.2437 T 121 - 13.8146 T 129 - 14.9494 T 130 - 17.2176 T 131 - 18.2304

132 - ]8.2304 T 133 - 16.0428 T 134 - 14,9084 T 135 - 13.774] T 136 - 9.5608 T 137 - 24.3072

151 - 0.5380 T 152 - 0.5540 T 153 - 0.5640 T 154 - 0.5760 T 155 - 0.6120 T 156 - 0.5640
157 - 0.5720 T 158 - 0.6100 T 159 - 0.6450 T 160 - 0.6510 T 161 - 0.6490 T 162 - 0.6360

163 - 0.3450 T 164 - 0.3940 T 165 - 0.4100 T 166 - 0.44|0 T 167 - 0.6540 T 164 - 0.6920

]69 - 0.6700 T 170 - 0.4160 T 17] - 0.7360 T 172 - 0.7500 T 173 - 0.7140 T 174 - 0.4|20

]75 - 0,9]00 T ]76 - 0.9960 T 177 - 0.9520 T 178 - 0.6_20 T 179 - 0.7400 T 140 - 0.8500

ISI - 0.9000 T 162 - 0.9000 T 143 - 0.7920 T 194 - 0.7360 T i15 - 0.6800 T 186 - 0,4720

]g7 - 1.2000 T 201 - 0.0000 T 202 - 0.0000 T 203 - C.0000 T 204 - 0.0000 T 205 - 0.0000

206 - 0.0000 T 207 - 0.0000 T 205 - 0.0000 T 209 - 0.0000 T 210 - 0.0000 T 211 - 0.000C

212 - 0.0000 T 213 - 0.O00n T 214 - 0.0000 T 215 - 0.0000 T 216 - 0.0000 T 217 - 0.0000

214 - 0.0000 T 219 - 0,OOC_ T 220 - 0.0000 T 22] - 0.0000 T 222 - 0.0000 T 223 - 0.0000

224 - 0.0000 T 225 - 0.0000 T 226 - 0.0000 T 227 - 0.0000 T 226 - 0.0000 T 229 - 0.0000

230 - 0.0000 T 23] - 0.0000 T 232 - 0.0000 T 233 - 0.0000 T 234 - 0.0000 T 235 - 0.0000

236 - 0.0000 T 237 - 0.0000 T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000

405 - 0.0000 T 406 - 0.0000 T 407 m 0.0000 T 40_ m O'00O0 T 409 " 0"000O T 410 " 0'000C

411 - 0.0000 T 412 - 0.0000 T 413 - 0.0000 T 414 - 0.0000 T 4]5 - 0.0000 T 416 - 0.0000

417 - 0.0000 T 411 - 0.0000 T 419 - 0.0000 T 420 - 0.0000 T 421 - 0.0000 T 422 - 0.0000

423 - 0.0000 T 424 - 0.0000 T 425 - 0.0000 T 426 - 0.0000 T 427 - 0.0000 T 424 - 0.0000

429 - 0.0000 T 430 - 0.0000 T 431 - 0.0000 T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T 701 - 1.0000 T 702 - 1.0000 T 703 - _.0000

704 - 1.0000 T 705 - 1.0000 T 706 - 1.0000 T 707 - 1.0000 T 70_ - 1.0000 T 709 - 1.0000

710 - 1.0000 T 711 - 1.0000 T 712 - 1.0000 T 713 - 1.0000 T 714 - 1.0000 T 715 - 1.0000

716 - 1.0000 T 717 - 1.0000 T 71| - 1.0000 T 719 - 1.0000 T 720 - 1.0000 T 72] - 1.0000

722 - 1.0000 T 723 - 1.0000 T 724 m 1.0000 T 725 - 1.0000 T 726 - 1.0000 T 727 " 1.0000

728 - 1.0000 T 729 - 1.0000 T 730 " 1.0000 T 731 - 1.0000 T 732 - ].0000 T 733 - ].0000

734 m 1.0000 T 735 -- 1.0000 T 736 " 1,0000 T 737 " 1.0000 T 101 " 0.0000 T 102 - 0,0000

803 - 0.0000 T 104 - 0.0000 T 105 - 0,0000 T 106 - 0.0000 T 107 - 0.0000 T 101 - 0,0000

109 - 0.0000 T 110 - 0.0000 T Ill - 0.0000 T 112 - 0.0000 T 613 - 0.0000 T 914 - 0.0000

115 - 0.0000 T 116 - 0.0000 T 117 - 0.0000 T Ill - 0.0000 T 119 - 0.000C T 120 - 0.0000

421 - 0.0000 T 822 - 0,0000 T 123 - 0.D000 T 924 - 0.0000 T 125 - 0.0000 T 426 - 0.0000

827 - 0.0000 T 62g - 0.0000 T 429 - 0,0000 T 130 - 0.0000 T 131 - 0.0000 T 132 - 0.0000
933 - 0.0000 T 834 - 0.0000 T 435 - 0.0000 T 836 - 0.0000 T 137 - 0,0000 T 901 - 0.0000

902 - 0.0000 T 903 - 0.0000 T 904 - 0.0000 T 905 - 0.0000 T 906 - 0.0000 T 907 - 0.0000

905 - 0.0000 T 909 - 0.0000 T 910 - 0.0000 T 911 - 0.0000 T 912 - 0.0000 T 913 - 0.0000

914 - 0.00D0 T 915 - 0.0000 T 916 - 0.0000 T 9_7 - 0.0000 T 919 - 0.0000 T 919 - 0.0000

920 m 0.0000 T 92] - 0.0000 T 922 " 0.0000 T 923 - 0.0000 T 924 - 0.0000 T 925 - 0.0000

T 926 - 0.0000 7 927 - 0.0000 T 929 - 0.0000 T 929 - 0.0000 T 930 - 0.0000 T 93] - 0.0000

T 932 - 0,000C T 933 - 0.0000 T 934 - 0.000C T 935 - 0.0000 T 936 - 0.0000 T 937 - 0.0000

I(C) COPYRIGHT 1992,1983,1944,]945,1986.1987 3.D.GASK_ SIKDA/19$7/ANS] ].31 NETWOR_ ANALYSIS A_SOCIATZ$. INC. - PAGE 8

STS 36 PRE-L_UNCH SURFACE ENVIRONM_HT MO_EL (A'.$)

"'" NOTE "'" FWDBKL REQUIRES 5748 DYNAMIC STORAGE IDCATIONS OUT OF 15964 AVAILABLE "'"

TIMEND- 24.500 , CSGFAC- 1.0000 , DT_MEI" 0.50000E-C2. NLOO_ - 1600

TIMEO - 16.500 , OUTPUT- 1.0000 , DTIHEN- 0.100008+09, DTIN_D" 0.000008+00

ARLXCA- 0.500008-CI. ATMPCA- 0.000008+00. DRLXCA- 0.500008-01. DTHPCA- 0.100008+09
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EXTLZM- 50.000 _'

**.ltmeDttl*.meQt

TI_- 1.650004+01, DTIMEU- 0.00000_+00. CSGMIN( 0)- 0.00000E+00, ATMpCl::( 0)- 0.00000E+O0, DTMPCC( 0)- 0.00000E+00

1/:XIPCT- 0 , ARLXCC( 0)- 0.O0000E+00, DRLXCC( 0)- 0.00000E+00

T 1001 - 39.9101 T 1002 - 35.9095 T 1003 - 37.1033 T 1004 - 40,3010 T 1005 - 43.9132 T 1006 - 31.3119

T 1007 - 40.1127 T 1001 - 42.4596 T 1009 - 44.4107 T 1010 - 40,5095 T 1011 - 40.4694 T 1012 - 42.3742
T 1013 - 36.2534 T 1014 - 33.2961T 1015 - 34.5560 T 1016 - 39.1149 T 1017 - 54.4111 T 1011 - 5?.2593

T 1019 - 55.6909 T 1020 - 55.4715 T 1021 - 41,6694 T 1022 - 42,6910 T 1023 - 41.4715 T 1024 - 36.7089

T 1025 - 45.2448 T 1026 - 45.4224 T 1027 - 46.3510 T 1028 - 41.1105 T 1029 - 50.4351T 1030 - 50.7115

T 1031 - 51.4452 T 1032 - 51.2953 T 1033 - 46,3063 T 1034 - 46.4927 T 1035 - 43.1276 T 1036 - 41.|212

T 1037 - 59.632? T 2001 - 4.0594 T 3001 - -?8.3443 T 1001 - -162.6490 T 5001 - -327.5227 T 2002 - 0.2865

T 3002 - -|1.6223 T 4002 - -1|4.9975 T 5002 - -321,5102 T 2003 - 1.4121 T 3003 - -10.6443 T 4003 - -114.2966

T 5003 - -321.2201 T 2004 - 4.5030 T 3004 - -??,9503 T 4004 - -102.3717 T 5004 - -327.4036 T 2005 - 7.1340

T 3005 - -75.0635 T 4005 - -110.2_b61T 5005 - -326.5107 T 2006 - 2.6246 T 3006 - -79.3901 T 4006 - -113.5402

T 5006 - -327.094;6 T 2007 - 4.2790 T 300? - -71.1521 T 400? - -102.5097 T 5007 - -327.4595 T 2008 - 6.8405

T 3001 - -75.9266 T 4000 - -110.9145 T 5000 - -326.7014 T 2009 - 0.3031 T 3009 - -74.6559 T 4009 - -110.0041

T 5009 - -326.3950 T 2010 - 4.6243 T 3010 - -77.6524 T 4010 - -102.2946 T 5010 - -327.3666 T 2011 - 4.5862

T 3011 - -77.8|59 T 4011 - -112.3119 T 5011 - -327.3776 T 2012 - 6.3827 T 3012 - -?6.3244 T 4012 - -111,1991

T 5012 - -326.9031 T 2013 - 0.6104 T 3013 - -11.3411 T 4013 - -164.7979 T 5013 - -329,4379 T 2014 - -2.1761

T 3014 - -13.7625 T 4014 - -116.5311 T 5014 - -329.1720 T 2015 - -0.9901T 3015 - -82,7321T 4015 - -115,7935
T 5015 - -321.1517 T 2016 - 2.3666 T 3016 - -79.1144 T 4016 - -113.7020 T 5016 - -327.9695 T 2017 - 54.1350

T 3017 - 54.1116 T 4017 - 54.9215 T 5017 - 54.9751 T 201i - 56.9771T 3014 - 56.4124 T 4014 - 55,4473

T 5018 - 55.2122 T 2019 - 55.6042 T 3019 - 55.4311T 4019 - 55.2512 T 5019 - 55.0151 T 2020 - 55.4124

T 3020 - 55.2941T 4020 - 55.1760 T 5020 - 55.0583 T 2021 - 11.5192 T 3021 - -55.6923 T 4021 - -137.9190

T 5021 - -231.7494 T 2022 - 12.5296 T 3022 - -54.9131T 4022 - -137.3440 T 5022 - -231.5286 T 2023 - 11.4117

T 3023 - -55.1393 T 4023 - -131.0214 T $023 - -231.7911T 2024 - 6.9771 T 3024 - -59.5148 T 4024 - -140.7352

T 5024 - -239,8217 T 2025 - 14.9130 T 3025 - -52.9314 T 4025 - -135.1145 T 5025 - -237.9690 T 2026 - 15.0711

T 3026 - -52,1016 T 4026 - -135.7134 T 5026 - -2)7.9305 T 2027 - 15.9481 T 3027 - -52.0905 T 4027 - -135.2500

T 5027 - -237,7260 T 2021 - 11.7201T 3021 - -55.5446 T 4029 - -137.1409 T 5024 - -23|.7197 T 2029 - 19.7317

T 3029 - -48.93|9 T 4029 - -132.9270 T 5029 - -236.8408 T 2030 " 20.0674 T 3030 - -41.6661 T 4030 - -132.7246

T 5030 - -236.7625 T 2031 - 20.6?82 T 3031 - -48.1593 T 4031 - -132.3490 T 5031 - -236.6103 T 20)2 - 20.5319

T 3032 - -41,2749 T 4032 - -132.4347 T 5032 - -236.6511 T 2033 - 9.6123 T 3033 - -73.6959 T 4033 - -176.0271

T 5033 - -323,4097 T 2034 - 9.|5|9 T 3034 " -73.5499 T 4034 - -175.9206 T 5034 " -323.3646 T 2035 - 7.3318

T 3035 - -75.6412 T 4035 - -177.4606 T 5035 " -324.0280 T 2036 " 5,4351 T 3036 - -77.2104 T 4036 - -171.6164

T 5036 - -321.5270 T 2037 - 62.1994 T 3037 " 67,3144 T 4037 - 72.4050 T 5037 - 77.4716 T 21001 " -422,9149
T 21002 " -422.9101T 21003 - -422.9111 T 21005 - -422.9140 T 21006 " -422.9793 T 21007 - -422.9112 T 21009 - -422.9141

T 21010 - -422.9901T 21011 - -422.9107 T 21013 - -422.9945 T 21014 " -422.9|04 T 21015 - -422.9114 T 21004 " -422.9141

T 21001 " -422.9931T 21012 - -422.9132 T 21016 - -422,9|32 T 21017 - 54.9991 T 21011 " 54.9999 T 21019 - 54.9999

T 21020 - 54.9999 T 21021 - -296.9904 T 21022 " -294;.9904 T 21023 - -296.9905 T 21024 - -296.9901 T 21025 " -296.9906

T 21026 " -296.9909 T 21027 " -296,9911 T 21029 - -296.990| T 21029 - -296.9969 T 21030 - -296,9965 T 21031 - -296.9966

T 21032 - -296.994;5 T 21033 - -422.9045 T 21034 - -422.9855 T 21035 - -422.9152 T 21036 " -422.9161T 21037 - 79.9992

T 12001 - 54.7129 T 12002 - 55,1561 T 12003 - 55.1753 T 12004 - 54.5?42 T 12041 - 54.1626 T 12042 - 54,1492
T 12043 - 49.5001 T 12044 - 51.8011 T 12045 - 54.1793 T 12046 - 56.3569 T 12047 - 57.3650 T 12041 - 50.1487

T 12085 - 54.9650 T 12016 - 55,1601 T 12017 - 53.1513 T 12011 - 54.3406 T 12005 - 52,1141 T 12012 - 56,6511

T 12019 - 54.5445 T 12026 o 51.5627 T 12006 - 52.5360 T 12013 - 52.6721 T 12020 - 54,2154 T 12027 - 51.5375

? 12009 - 51.9192 T 12014 - 50,6635 T 12021 - 53.1146 T 1202| - 50.2529 T 12001 - 41,0501T 12015 - 50.?495

T 12022 - 53.4054 T 12029 - 41.5174 T 12009 - 49.7164 T 12016 - 51.724| T 12023 - 53.1672 T 12030 - 51.2201

T 12010 - 41.9525 T 12017 - 51.9831 T 12024 - 52.3800 T 12031 - 52.1047 T 12011 - 51.8961T 1201| - 51.5650

T 12025 - 49.3611T 12032 - 50.6024 T 12033 - 56.9654 T 12034 - 56.7012 T 12035 - 55.5150 T 12036 - 55.1230

T 12037 - 52.1126 T 12031 - 53.0411 T 12039 - 49.2449 T 12040 - 49.9359 T 22001 - 54,69|1T 22002 - 55.1903

I(C! COPYRIGHT 1912,1913,1914.1985,1986,1987 J.D.GASKI SIMDA/1917/AN$I 1.31 NETWORK ANALYSIS ASSOCIATES, INC. - PAGE 9

3TS 36 PRE-12%UNCH SURFACE P_NVIRO_ M(3OEL (A'.I)

T 22003 - 55.7477 T 22004 " 54.5174 T 22041 - 54.2495 T 22042 " 54.0351 T 22043 - 49.9514 T 22044 - 51.6699

T 12049 " 52.6152 T 12056 - 55.6345 T 12063 - 35.3077 T 12070 - 59.6257 T 12050 " 52.4257 T 12057 - 55.6611

T 12064 - 55.0353 T 12071 - 57.6129 T 12051 " 52.|632 T 12058 " 55,9500 T 12065 - 54.9091T 12072 - 57.1261

T 12052 - 53.4116 T 12059 - 56.1_0 T 12066 - 55.1242 T 12073 - 57.3322 T 12053 " 55.2611 T 12060 - 56.6412
T 12067 - 55.6124 T 12074 - 57.2301 T 12054 " 56.1611 T 12061 - 56.6636 T 12061 - 55.9350 T 12075 - 57.4604

T 12055 - 57.1996 T 12062 - 56.61|3 T 12069 " 56.2279 T 12076 - 57.7577 T 12077 - 51.|160 T 12074 - 57.3122

T 12079 - 54.2104 T 12010 - 56.4576 T 12011 - 55.9024 T 12012 - 54.3307 T 12013 - 55.2607 T 12004 - 53.7146

T 22045 - 55.1007 T 22046 " 56.3297 T 22047 - 57.3374 T 22040 - 50.5077 T 22015 " 54.9941T 22086 - 55.7332

T 22017 - 53.2936 T 22011 " 54.3011T 22005 " 52.1141 T 22006 - 52.5360 T 22007 " 51.1192 T 22001 - 41.0501

T 22009 - 49.7164 T 22010 - 40.9525 T 22011 - 51.9961 T 22012 " 56.6511 T 22013 - 52.6721 T 22014 - 50.6635

T 22015 - 50.7495 T 22016 " 51.7241 T 22017 - 51,9|31 T 22011 - 51.5650 T 22019 " 54.5445 T 22020 - 54.2154

T 22021 " 53.1146 T 22022 - 53.4054 T 22023 - 53.1672 T 22024 - 52.3800 T 22025 " 49.3681T 22026 - 51.5627

T 22027 " 51.5375 T 22028 " 50.2529 T 22029 - 41,5174 T 22030 - 51.2201T 22031 " 52.1047 T 22032 " 50.6024

T 22049 - 52,6852 T 22050 " 52.4257 T 22051 " 52.8632 T 22052 - 53.4816 T 22033 " 55,2681T 22054 " 56,1611

T 22055 " 5?.8996 T 22056 " 55,6345 T 2205? " 55,6611 T 22050 " 55.9300 T 22059 " 56,1960 T 22060 " 56.6482

T 22061 - 56.6636 T 22062 - 56.6113 T 22063 - 55.30?7 T 22064 " 55.0353 T 22065 " 54.9891 T 22066 - 55.1242

T 2206? - 55.6124 T 22068 - 55.9350 T 22069 - 56.2279 T 22070 - 59.625? T 22071 - 57,6129 T 22072 - 57,1264

T 22073 - 57.3322 T 22074 - 57.2300 T 22075 - 57.4604 T 22076 " 57.7577 T 22033 - 56.9654 T 22034 " 56.7052

T 22035 - 55.5150 T 22036 - 55.1230 T 22037 " 52.8826 T 22031 - 53.0411 T 22039 " 49.2449 T 22040 - 49.9359

T 22077 - 5|,8160 T 22071 " 57.3822 T 22079 - 56.2104 T 22080 - 56.45?6 T 22081 - 55.9024 T 22082 " 54.3307

T 22013 " 55.2607 T 22084 " 53.7946 T 31009 - 71.0000 T 31006 - 71.0000 T 31007 - 71.0000 T 31001 - 71.0000

T 31009 - 71.0000 T 31010 - 71.0000 T 31011 - 71.0000 T 31012 - 71.0000 T 31013 - 71.0000 T 31014 - 71.0000

T 31015 - 71.0000 T 31016 - 71.0000 T 31017 - 71.0000 T 31011 - 71.0000 T 31019 - 71.0000 T 31020 - 71.0000
T 31021 - 71.0000 T 31022 - 71.0000 T 31023 - 71.0000 T 31024 - 71.0000 T 31025 - 71.0000 T 31026 - 71.0000

T 31027 - 71.0000 T 31028 - 71.0000 T 31029 - 71.0000 T 31030 - 71.0000 T 31031 - 71.0000 T 31032 - 71.0000

T 31033 - 71.0000 T 31034 - 71.0000 T 31035 - 71.0000 T 31036 - 71.0000 T 31037 - ?1.0000 T 31031 - 71.0000

T 31039 - 71.0000 T 31040 - 71.0000 T 31049 - 71.0000 T 31050 - 71.0000 T 31051 - 71.0000 T 31052 - 71.0000

T 31053 - 71.0000 T 31054 - 71.0000 T 31055 - 71.0000 T 31056 - 71.0000 T 31057 - 71.0000 T )1051 - 71.0000

T 31059 - 71.0000 T 31060 - ?i.0000 T 31061 - ?i.0000 T 31062 - 71.0000 T 31063 - 71.0000 T 31064 - 71.0000

T 31065 - 71.0000 T 31066 - 71.0000 T 31067 - 71.0000 T 31061 - 71.0000 T 31069 - 71.0000 T 31070 - 71.0000

T 31071 - 71.0000 T 31072 - 71.0000 T 31073 - 71.0000 T 31074 - 71.0000 T 31075 - 71.0000 T 31076 - 71.0000

T 31077 - 71.0000 T 31071 - 71.0000 T 31079 - 71.0000 T 31010 - 71.0000 T 31011 - 71.0000 T 31082 - 71.0000

T 31013 - 71.0000 T 31014 - 71.0000 T 32005 - 71.0000 T 32006 - 71.0000 T 32007 - 71.0000 T 32001 - 71.0000

T 32009 - 71.0000 T 32010 " 71.0000 T 32011 - 71.0000 T 32012 - 71.0000 T 32013 - 71.0000 T 32014 - 71.0000

T 32015 - 71.0000 T 32016 - 71.0000 T 32017 - 71.0000 T 32018 - 71.0000 T 32019 - 71.0000 T 32020 - 71.0000

T 32021 - 71.0000 T 32022 - 71.0000 T 32023 - 71.0000 T 32024 - 71.0000 T 32025 - 71.0000 T 32026 - 71.0000

T 32027 - 71.0000 T 3202| - 71.0000 T 32029 - 71.0000 T 32030 - 71.0000 T 32031 - 71.0000 T 32032 - 71.0000

T 32033 - 71.0000 T 32034 - 71.0000 T 32035 - 71.0000 T 32036 - 71.0000 T 32037 - 71.0000 T 32031 - 71.0000

T 32039 - 71.0000 T 32040 - 71.0000 T 32049 - 71,0000 T 32050 - 71.0000 T 32051 - 71.0000 T 32052 - 71,0000
T 32053 - 71.0000 T 32054 - 71.0000 T 32055 - 71.0000 T 32056 - 71.0000 T 32057 - 71.0000 T 32051 - 71.0000

T 32059 - 71.0000 T 32060 - 71.0000 T 32061 - 71,0000 T 32062 - 71.0000 T 32063 - 71.0000 T 32064 - 71.0000

T 32065 - 71.0000 T 32066 - 71.0000 T 32067 - 71,0000 T 32061 - 71.0000 T 32069 - 71.0000 T 32070 - 71.0000

T 32071 - 71.0000 T 32072 - 71.0000 T 32073 - 71.0000 T 320?4 - 71.0000 T 32075 - 71.0000 T 32076 - 71.0000

T 320?7 - 71,0000 T 32071 - 71.0000 T 32079 - 71.0000 T 32080 - 71.0000 T 32011 - 71.0000 T 32012 - 71.0000

T 32083 - 71.0000 T 32084 - 71.0000 T 33005 - 71.0000 T 33006 - 71.0000 T 3300? - 71.0000 T 33001 - 71.0000

T 33009 - 71.0000 T 33010 - 71.0000 T 33011 - 71.0000 T 33012 - 71.0000 T 33013 - 71.0000 T 33014 - 71.0000

T 33015 - 71.0000 T 33016 - 71.0000 T 33017 - 71.0000 T 33011 - 71.0000 T 33019 - 71.0000 T 33020 - 71.0000

T 33021 - 71.0000 T 33022 - 71.0000 T 33023 - 71.0000 T 33024 - 71.0000 T 33025 - 71.0000 T 33026 - 71.0000

T 33027 - 71.0000 T 33021 - 71.0000 T 33029 - 71.0000 T 33030 - 71.0000 T 33031 - 71.0000 T 33032 - 71.0000

T 33033 - 71.0000 T 33034 - 71.0000 T 33035 - 71.0000 T 33036 - 71.0000 T 33037 - 71.0000 T 33031 - 71.0000

T 33039 - 71.0000 T 33040 - 71.0000 T 33049 - ?1.0000 T 33050 - 71.0000 T 33051 - 71.0000 T 33052 - 71.0000

T 33053 - 71.0000 T 33054 - ?1.0000 T 33055 - 71.0000 T 33056 - ?1.0000 T 3305? - 71.0000 T 33051 - 71.0000

T 33059 - 71.0000 T 33060 - 71.0000 T 33061 - 71.0000 T 33062 - 71.0000 T 33063 - 71.0000 T 33064 - 71.0000
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7 33065 - 71.0000 T 33066 - 71.0000 T 33067 - 71.0000 T 33068 -- 71.0000 T 33069 - 71.0000 T 33070 * 71.0000

T 33071 - 71.0000 7 33072 -- 71.0000 T 33073 - 71.0000 7 330?4 - 71.0000 T 33075 - 71.0000 T 33076 - 71.0000

7 330?7 - 71.0000 T 330?8 - 71.0000 T 33079 - 71.0000 T 33040 - 71.0000 T 33081 - 71.0000 T 33002 * 71.0000

7 33013 - 71.0000 T 33014 - 71.0000 T 34005 - 71.0000 T 34006 - 71.0000 T 34007 - 71.0000 T 34001 - 71.0000

I(C) COPYRIGHT 1982,1903,1984,1985.1986,1987 J.D.GA4KI $ZHDA/19ST/ANSI 1.31 METIIORK ANALYSIS ASSOCIATES, INC. - PAGE i0

STS 36 PRE-LA_ffCH SURFACE ZNVIRONM_HT MOOEL IA--.I)
T 34009 - 71.0000 T 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000 T 34013 - 71.0000 T 34014 - 71.0000

T 34015 - 71.0000 T 34016 " 71.0000 T 34017 - 71.0000 T 34011 - 71.0000 T 34019 - 71.0000 T 34020 - 71.0000

T 34021 - 71.0000 T 34022 " 71.0000 T 34023 " 71.0000 T 34024 " 71.0000 T 34025 - 71.0000 T 34026 - 71.0000

T 34027 - 71.0000 T 34021 - 71.0000 T 34021 " 71.0000 T 34030 - 71.0000 T 34031 - 71.0000 T 34032 " 71.0000

T 34033 - 71.0000 T 34034 " 71.0000 T 34035 - 71.0000 T 34036 - 71.0000 T 34037 - 71.0000 T 34031 - 71.0000

T 34039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34030 - 71.0000 T 34051 - 71.0000 T 34052 - 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 34036 " 71.0000 T 34057 - 71.0000 T 34058 - 71.0000
T 34051 - 71.0000 T 34060 - 71.0000 T 34061 " 71.0000 T 340_2 - 71.0000 T 34063 - 71.0000 T 34064 - 71.0000

T 34065 - 71.0000 T 34066 - 71.0000 7 3406? - 71.0000 T 34068 - 71.0000 T 34061 " 71.0000 7 34070 " 71.0000

T 34071 - 71.0000 T 34072 - 71.0000 T 340?3 - 71.0000 T 34074 - 71.0000 T 34075 " 71.0000 T 34076 - 71.0000

T 340?7 " 71.0000 T 34074 - 71.0000 T 34079 " 71.0000 T 34010 " 71.0000 T 34081 - 71.0000 T 34012 - 71.0000

T 34083 - 71.0000 T 34004 " 71.0000 T 42006 " 52.1771 T 42013 " 51.6678 T 42020 " 54.0150 T 42027 " 50.1952

T 42008 - 41.9113 T 42015 " 51.2371 T 42022 " 53.2163 T 42021 - 41.9031 T 42010 " 50.4243 T 42017 - 51.7741

T 42024 - 50.1710 T 42031 - 51.3535 T 42050 - 52.6444 T 4205? - 55.1055 T 42064 - 55.0122 T 42071 - 57.3618

T 42052 " 54.3748 T 42059 - 56.4221 T 42066 - 55.3613 T 42073 - 57.2816 T 42054 - 57.0303 T 42061 - 56.6410

T 42061 - 56.0115 T 42075 - $7.6091 T 43006 - 52.1774 T 43013 - 51.6678 T 43020 - 54.0150 T 13027 - 50.8152

T 43008 - 41.t183 T 43015 - 51.2371 T 43022 - 53.2863 T 43029 * 49.9038 7 43010 - 50.4243 T 43017 - 51.7741

T 43024 - 50.1740 T 43031 - 51.3535 T 43050 - 52.6414 T 43057 - 55.1055 T 43064 - 55.0122 T 43071 - 57.36tl

T 43052 - 54.3741 T 43051 - 56.4221 T 43066 - 55,3683 T 43073 - 57.2116 T 43054 - 57.0303 T 43061 - 56.6410

T 43068 - 56.0115 T 43075 - 57.6091 T |000 - 42.2006 T 1005 - 43.2311 7 8010 - 43.5973 T 1011 - 45.4717

T 8015 - 41.1211 T 8016 - 42.2133 T 8020 - 43.9211 T 1025 - 42.17_6 7 1030 - 45.1764 T 8035 - 52.04?4

T 6000 - 35.2032 T 6010 - 35.1665 T 6020 - 35.1311 T 6030 - 35.0990 T 6040 - 35.0321 T 6050 - 35.0114

T 6060 - 35.0537 T 60?0 - 34.1135 T 6080 - 34.8596 T 6090 - 34.1231 T 6001 - 35.0457 T 6011 - 35.0313

T 6021 - 34.9?33 T 6031 - 34.8_N_3 T 6041 - 34.1647 T 6051 - 34.1433 T 6061 - 34.1054 T 6071 - 34.7900
T 6011 - 34.7002 T 6091 - 34.7631 7 500 - 35.99_0 T 501 - 35.1321T 502 - 36.4643 T 503 - 36.2271

7 t000 - 34.76t0 T t001 - 34.7696 7 t002 - 34.7644 T 9003 - 34.7677 T 40 - 63.2000 T 9t9t - 34.7631

T 7000 - -423.0000 T 7001 - -297.OOO0 T ?002 - 55.0OO0 T ?OO3 - 8O.OOOO T IIII - 63.2000 T 4181 o 21.4000

T 8890 - 0.0000 T 18tl - 240.0000 T 8192 - 12.0000 T 13001 - 1170.1500 T 13002 - 1091.1500 T 13003 - 10t2.1500

T 13004 - 1079.3500 T 13005 - 5147.3500 T 13006 - 5703.3500 T 13007 - 5711.3500 T 13001 - 5131.3500 T 13009 - 711.1500

T 13010 - 3435.3500 T 13011 - 4675.3500 T 13012 - 5119.3500 T 13013 - 435.1100 T 13014 - 444.5500 T 13015 - 565.4300

T 13016 - 611.6300 T 13017 - 1745.3500 T 13018 -10139.3500 T 13019 - 9863.3500 T 13020 - 834.1500 T 13021 - 752.5500

T 13022 - 6023.3500 T 13023 - 3410.9500 T 13024 - 310.3100 T 13025 - 6643.3500 7 13026 -12263.3500 T 13027 - 1408.9500

T 13028 - 619.1300 T 13021 - 3319.7500 T 13030 - 5823.3500 T 13031 - 726.5500 T 13032 - 204.2300 T 13033 - 632.1500

T 13034 - 1199.7500 T 13035 - 1012.1500 T 13036 - ??0.9500 T 13037 - 401.6300 T 16001 - 0.0000 T 16002 - 0.0000

T 16003 - 0.0000 T 16004 - 0.0000 T 16005 - 0.0000 T 16006 - 0.0000 T 16007 - 0.0000 7 16001 - 0.0000

T 16001 - 0.0000 T 16010 - 0.0000 T 16011 - 0.0000 T 16012 - 0.0000 T 16013 - 0.0000 T 16014 - 0.0000

T 16015 - 0.0000 T 16016 - 0.0000 T 16017 - 0.0000 T 16011 - 0.0000 T 16019 - 0.O000 T 16020 - 0.0000

T 16021 - 0.0000 T 16022 - 0.0000 T 16023 - 0.0000 T 16024 - 0.0000 T 16025 - 0.0000 T 16026 - 0.0000

T 16027 - 0.0000 T 16021 - 0.0000 T 16029 - 0.0000 T 16030 - 0.0000 T 16031 - 0.0000 T 16032 - 0.0000

T 16033 - 0.0000 T 16034 - 0.0000 T 16035 - 0.0000 T 16036 - 0.0000 T 16037 - 0.0000 T 101 - 10.8177

T 102 - 11.2211 T 103 - 11.4244 T 104 - 11.6675 T 105 - 12.3t67 T 106 - 11.4244 T 107 - 11.5164
T 101 - 12.3562 T 109 - 13.1251 T 110 - 13.3214 T 111 - 13.1259 T 112 - 12.8821 T 113 - 7.0491

T 114 - 1.0619 T 115 - 1.3050 T 116 - 9.0747 T 117 - 13.3214 T 111 - 14.0172 T 119 - 13.5715

T 120 - 9.1444 T 121 - 14.9064 T 122 - 15.1120 T 123 - 14.5434 T 124 - 9.7634 T 125 " 11.4330

T 126 - 18.1494 T 127 - 19.2137 T 128 - 13.1146 T 121 - 23.4970 T 130 - 21.2688 T 131 - 22.6867

T 132 - 20.29_5 T 133 - 16.0426 T 134 - 14.t014 T 135 - 13.7741 T 136 - t.S$01 T 137 - 30.78tl

T 151 - 0.5310 T 152 - 0.5540 T 153 - 0.3640 T IS4 - 0.5?60 T 155 - 0.6120 T 156 - 0.5640

T 157 - 0.5?20 T 151 - 0.6100 T 15t - 0.6460 T 160 - 0.6560 T 161 - 0.6480 T 162 - 0.6360

T 163 - 0.3410 T 164 - 0.3900 T 165 - 0.4100 T 166 - 0.4480 T 167 - 0.6510 T 161 - 0,6120

7 161 - 0.6700 T 170 - 0.4860 T 171 - 0.7360 T 172 - 0.7300 T 173 - 0.7180 T 174 - 0.4820

T 175 - 0.9100 T 176 - 0.|960 T 177 - 0.9520 T 178 - 0.6020 T 17t - 1.1600 T 110 - 1.0500

T 161 - 1.1200 T 112 - 1.0020 T 163 - 0.?920 7 104 - 0.7360 T 165 - 0.6100 T 116 - 0.4?20

T 167 - 1.5200 T 201 - 0.0000 T 202 " 0.0000 T 203 " 0.0000 T 204 - 0.0000 T 205 - 0.0000

T 206 " 0.0000 T 207 - 0.0000 T 201 " 0.0000 T 209 - 0.0000 T 210 - 0.0000 T 211 " 0.0000

T 212 - 0.0000 T 213 - 0.0000 T 214 - 0.0000 T 215 - 0.0000 T 216 - 0.0000 T 217 - 0.0000
T 218 - 0.0000 T 219 - 0.0000 T 220 - 0.0000 T 221 - 0.0000 T 222 - 0.0000 T 223 - 0.0000

T 224 - 0.0000 T 225 - 0.0000 T 226 - 0.0000 T 227 - 0.0000 T 226 - 0.0000 T 229 - 0.0000

I(C) COPYRIGHT 1112,1913,1914,1915.1916,1117 3.D.GASKI SINDA/196?/ANSI 1.31 IflZTUORK ANALYSZS ASSOCIATES, INC. - FAGE 11

STS 36 PRE-LAUWCH SURFACE _NVIRONI_,J(T _EL {A-.I)
T 230 - 0.0000 T 231 - 0.0000 T 232 - 0.0000 T 233 - 0.0000 T 234 - 0.0000 T 235 - 0.0000

T 236 - 0.0000 T 237 - 0.0000 T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000

T 405 - 0,0000 T 406 - 0.0000 T 407 - 0.0000 T 401 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

T 411 - 0.0000 T 412 - 0.0000 T 413 - 0.0000 T 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

T 417 - 0.0000 T 411 - 0.0000 T 419 - 0.0000 T 420 - 0.0000 T 421 " 0.0000 T 422 - 0.0000

T 423 - 0.0000 T 424 - 0.0000 T 425 - 0.0000 T 426 - 0.0000 T 427 - 0.0000 T 428 - 0.0000

T 129 - 0.0000 T 430 - 0.0000 T 431 - 0.0000 T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

T 435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T 701 - -0.0218 T ?02 - -0.0070 T 703 - -0.0114

T 704 - -0.0236 T 705 - -0.0371 T 706 - -0.0161 T 707 - -0.0226 T 701 - -0.0332 T 709 - -0.0312

T ?i0 - -0.0231 T 711 - -0.0235 T 712 - -0.0310 T 713 - -0.0102 T 711 - -0.000l T 715 - -0.0045

T 716 - -0.0156 T 717 - -0.0131 T ?16 - -0.0942 T 719 - -0.0165 T 720 - -0.0749 T 721 " -0.0275

T 722 - -0.0316 T 723 - -0.0265 T 724 - -0.0016 T 725 - -0.0482 T 726 - -0.0490 T 727 - -0.0545

T 721 - -0.0302 T 729 - -0.0603 T 730 - -0.0175 T 731 - -0.0933 T 732 - -0.0921 T 733 - -0.0492

T 734 - -0.0481 T 735 - -0.0368 T 736 - -0.0267 T 737 - -0.2195 T 601 - 0.0000 T 102 - 0.0000

T 603 - 0.0000 T 104 - 0.0000 T 105 - 0.0000 T 606 - 0.0000 T 107 - 0.0000 T 108 - 0.0000

T 809 - 0.0000 T 610 - 0.0000 T 111 - 0.0000 T 612 - 0.0000 T 813 - 0.0000 T 114 - 0.0000

T 115 - 0.0000 T 116 - 0.0000 T 117 - 0.0000 T Ill - 0.0000 T 119 - 0.0000 T 120 - 0.0000

T 121 - 0.0000 T 622 - 0.0000 T 623 - 0.0000 T 124 - 0.0000 T 125 - 0.0000 T 826 - 0.0000

T 127 - 0.0000 T 121 - 0.0000 T 129 - 0.0000 T 130 - 0.0000 T 131 - 0.0000 T 132 - 0.0000

T 13_ - 0.0000 T 134 - Q.0000 T 135 - 0.0000 T 136 - 0.0000 T 63? - 0.0000 T t01 - 0.0000

T 902 - 0.0000 T 903 - 0.0000 T 904 - 0.0000 T 905 - 0.0000 T 906 - 0.0000 T 907 - 0.0000

7 908 - 0.0000 T 909 - 0.0000 T 910 - 0.0000 T 911 - 0.0000 T 912 - 0.0000 T 913 - 0.0000

7 914 - 0.0000 T 915 - 0.0000 T !16 - 0,0000 T 917 - 0.0000 T 911 - 0.0000 T 919 - 0.0000

T 920 - 0.0000 T t21 - 0.0000 T 922 - 0.0000 7 923 - 0.0000 T 924 - 0.0000 7 925 - 0.0000

T 926 - 0.0000 T 927 - 0.0000 T 921 - 0.0000 T 929 " 0.0000 T 930 - 0.0000 T 931 - 0.0000

T 932 - 0.0000 T 133 - 0.0000 T 934 - 0.0000 T 935 - 0.0000 T t36 - 0.0000 T 937 - 0.0000

TI_- 1.75000Z+01, DTIMEU- 2.500004-03, CSGMIH( 210373- 1.115514-05, A'_CC( 03- 0.000004+00, DTIQCC( 43061)- 1.84921K-02

LOOFCT- 1 . A.RLXCC( 0)- 0.00000E+00, DPJ,,,XCC( 43061)- 1.149214-02

T 1001 - 36,1603 T 1002 - 32,3711 T 1003 - 33.?992 T 1004 - 37.$464 T 1005 - 42.4224 T 1006 - 36.3630

T 1007 - 31.2621T 1001 - 41.3656 T 1009 - 42.2126 T 1010 - 38.2260 T 1011 - 31.1714 T 1012 - 40.5113

T 1013 - 34.37?0 T 1014 - 30.9753 T 1015 - 32.1212 T 1016 - 35.1611 T 1017 - 53.9233 T 1011 - 57.454t

T 1019 -- $5.6674 T 1020 - 54.8426 T 1021 - 31.9201 T 1022 - 41.7634 T 1023 - 39.6711 T 1024 - 34.1015

T 1025 - 43.4530 T 1026 - 44.7071 T 1027 - 43.1691 T 1021 - 39.4453 T 1029 - 52.7941 T 1030 - 52.23t0
T 1031 - 51.6423 T 1032 - 50.6557 T 1033 - 43.1960 T 1034 - 44.5963 T 1035 - 41.04t7 T 1036 - 3t.823t

7 1037 - 60.1124 T 2001 - 1.1_4 7 3001 - -60.8157 T 4001 - -114.4119 T S001 - -328.2715 T 2002 - -3.0352

T 3002 - -84.4996 T 4002 - -167.0551 T 5002 - -329.3t34 T 2003 - -1.6t46 T 3003 - -13.3332 T 4003 - -186.2186

T 5003 - -32t.0310 T 2004 - 1.1437 T 3004 - -10.2526 T 4004 - -184.0076 T 5004 - -321.0914 T 2005 - 6.4567

T 3005 - -76.2261 T 4005 - -111.1114 T 5005 - -326.1613 T 2006 - 0.7320 T 3006 - -11.2135 T 4006 - -184.6929
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T 5006 - -328.3148 T 2007 - 2.5273 T 3007 - -79.6480 T 400? - -183.5682 T 5007 - -327.9068 T 2008 - 5.4?03

T 3008 - -77.0?69 T 4008 - -181.7215 T 5004 - -327,1206 T 2009 - 6,2391 T 3009 - -76.4390 T 4009 - -181.2771

T 5009 - -326.9363 T 2010 - 2.4861 T 3010 - -79.6933 T 4010 - -103.6057 T 5010 - -327.9232 T 2011 - 2.4448
T 3011 - -79,7240 T 4011 - -113.6249 T 5011 - -327.9311T 2012 - 4,6559 T 3012 - -??.?|92 T 4012 - -102.2309

T S012 - -327.3374 T 2013 - -1.1570 T 3013 - -82.4771T 4013 - -1|5.8980 T 5013 - -328.9064 T 2014 - -4.3656

T 3014 - -45.6042 T 4014 - -1|7.8_i4 T 5014 - -329.7521 T 2015 - -3.2839 T 3015 - -14.7229 T 4015 - -187.2193

T 5015 - -329,4656 T 2016 - 0.2626 T 3016 - -11.6399 T 4016 - -115.0091T 5016 - -321,5260 T 2017 - 54,0760

T 3017 - 54.3572 T 4017 - 54.6210 T 5017 - 54.1745 T 2018 - 57_2140 T 3018 - 56.6464 T 4018 - 56.0145

T 5018 - 55.3424 T 2019 - 55.6405 T 3019 - 55.5113 T 4019 - 55.3282 T 5019 - 55.1127 T 2020 - 54.9068

T 3020 - 54.9424 T 4020 - 54.9648 T 5020 - 54.9899 T 2021 - 9.0411 T 3021 - -57.7939 T 4021 - -139.4673

T 5021 - -239,3417 T 2022 - 11.7300 T 3022 - -55.5361 T 4022 - -137,7839 T 5022 - -231.6931T 2023 - 9,7581

T 3023 - -57.1877 T 4023 - -139.0127 T 5023 - -239.1662 T 2024 - 4.5529 T 3024 - -61.5526 T 4024 - -142.1429

T 5028 - -240.3672 T 2025 - 13.2649 T 3025 - -54.2845 T 4025 - -136.8692 T 5025 - -238.3447 T 2026 - 14.4520

T 3026 - -53.2756 T 4026 - -136.1100 T 5026 - -238.0509 T 2027 - 13.7529 T 3027 - -53.8927 T 4027 - -136.5865

T 5027 - -238.2381 T 2028 - 9.5256 T 3028 - -57.39?8 T 4028 - -139.1777 T 5021 - -239.2311 T 2029 - 22.0171
T 3029 - -46.9426 T 4029 - -131.3821T 5029 - -236.2319 T 2030 - 21.5506 T 3030 - -4?.2779 T 4030 - -131.6040

1(C) COPYRIGHT 1992,1903o1904,1965,19|6,1907 J.D.GA_KI SZNDA/1997/ANSZ 1.31 NETIORK A_ALYSIS ASSOCIATI_S, INC. - PAGE 12

STS 36 PRE-I_UNCH SURLeAC[ 6.qVZRON_NT HOD6L (A-.8)

T 5030 - -236.3114 T 2031 - 20.6150 T 3031 - -47.9600 T 4031 - -132.1051 T 5031 - -236.5517 T 2032 - 19.9542

T 3032 - -48.7476 T 4032 - -132.7778 T 5032 - -236.7814 T 2033 - 7.4063 T 3033 o -75,5685 T 4033 - -177.4007

T 5033 - -323.9999 T 2034 - 8.0932 T 3034 - -74.9738 T 4034 -- -176._412 T 5034 - -323.8015 T 2035 - 4.7145

T 3035 - -77.7873 T 4035 - -179.0297 T 5035 - -324.7010 T 2036 - 3.5481T 3036 - -76,7576 T 4036 - -179.7472

T 5036 - -325,0118 T 2037 - 62.7446 T 3037 - 67.0255 T 4037 - 72.7595 T 5037 - 77,5974 T 21001 - -422.9851

T 21002 - -422.9803 T 21003 - -422.9113 T 21005 - -422.9141 T 21006 - -422.9794 T 21007 - -422.9|13 T 21009 - -422,9849

T 21010 - -422,9803 T 21011 - -422.9808 T 21013 - -422.9846 T 21014 - -422.9106 T 21015 - -422,9|16 T 21004 - -422.9843

T 21001 - -422,9832 T 21012 - -422.9133 T 21016 - -822.9833 T 21017 - 54.9991 T 21011 - 54.9999 T 21019 - 54.9999

T 21020 - 54.9996 T 21021 - -296.9905 T 21022 - -296.9905 T 21023 - -296.9906 T 21024 - -296.9909 T 21025 - -296.9907

T 21026 - -296.9909 T 21027 - -296.9912 T 21021 - -296.9909 T 21029 - -296.9969 T 21030 - -296.9964 T 21031 - -296.9966

T 21032 - -296.9965 T 21033 - -422.9146 T 21034 - -422.9856 T 21035 - -422.9854 T 21036 - -422.9162 T 21039 - 79.9992

T 12001 - 54.3837 T 12002 - 54.6619 T 12003 - 55.1995 T 12004 - 54.2821 T 12041 - 54.0893 T 12042 - 55.0138

T 12043 - 48.9992 T 12044 - 51.0898 T 12045 - 54.7620 T 12046 - 56.3159 T 12047 - 56.8415 T 12048 - 58.5205
T 12045 - 54.8226 T 12086 - 56.8560 T 12087 - 52.6291T 12088 - 53.7435 T 12005 - 54.5732 T 12012 - 57.9225

T 12019 - 55.5131 T 12026 - 53.4011T 12006 - 54.2209 T 12013 - 54.1847 T 12020 - 55.2692 T 12027 - 53.4584

T 12007 - 53.0510 T 12014 - 52.3674 T 12021 - 54.9171T 12028 - 52.3937 T 12008 - 50.4?45 T 12015 - 52.2041

T 12022 - 54.5930 T 12029 - 51.0652 T 12009 - 51.1596 T 12016 - 52.9434 T 12023 - 54.3569 T 12030 - 52.9411

T 12010 - 51.2053 T 12017 - 53.1467 T 12024 - 53.7117 T 12031 - 53.4713 T 12011 - 53.5411T 12018 - 52.8762

T 12025 - 51.2613 T 12032 - 52.2879 T 12033 - 57.5209 T 12034 - 5?.5032 T 12035 - 56.3320 T 12036 - 5?+0687

T 12037 - 54.0103 T 12038 - 54.1149 T 12039 - 51.1306 T 12040 - 51.6631 T 22001 - 54.6524 T 22002 - 55.0880

T 22003 - 55.50?2 T 22004 - 54.5452 T 22041 - 54.4147 T 22042 - 54.7949 T 22043 - 49.8125 T 22044 - 51+5211
T 12049 * 55.1624 T 12056 - $8.0364 T 12063 - 56.3036 T 12070 - 60.7064 T 12050 - 54.9626 T 12057 - 51.3576

T 12064 - 56.1516 T 12071 - 58.626O T 12051 - 55.1970 T 12058 - 58.3718 T 12065 - 56+0652 T 12072 - 57.968B

T 12052 - 55.669] T 12059 - 58.4628 T 12066 - 56.1430 T 12073 - 57.9318 T 12053 - 57.0484 T 12060 - 58.9731
T 12067 - 56.52?2 T 12074 - 57.8554 T 12054 - S?,8291T 12061 - 58.7892 T 12068 - $6.7663 T 12075 - 58.1101

T 12055 - 59.1980 T 12062 - 58.8556 T 12069 - 57.0542 T 12076 - 58.4600 T 12077 - 59.7630 T 12078 - 58.4991

T 12079 - $8.4999 T 12000 - 58,6809 T 12081 - 56.6664 T 12082 - 55,3495 T 12083 - 56.2723 T 12084 - 54.98?3

T 22045 - 55.2941 T 22046 - 56.5897 T 22047 - 57,2578 T 22048 - 58.6193 T 22085 - 55.2530 T 22086 - 56.3393

T 2208? - 53.2412 T 22016 - 54.1922 T 22005 - 54.583? T 22006 - 54.2315 T 2200? - 53.0624 T 22000 - 50.45?4

T 22009 - 51.9719 T 22010 - 51,2178 T 22011 - 53.5522 T 22012 - 5?.9308 T 22013 - 54.1953 T 22014 - 52.3792

T 22015 - 52.2161T 22016 - 52.9549 T 22017 - 53.1580 T 22011 - 52.8077 T 22019 - 55.5237 T 22020 - 55.2792

T 22021 * 54.9274 T 22022 - 54.6034 T 22023 - 54.3675 T 22024 - 53.?227 T 22025 - 51.2730 T 22026 - 53.4123

T 22027 - 53.4697 T 22028 - 52.4054 T 22029 - 51,0771 T 22030 - 52.9525 T 22031 - 53.4124 T 22032 - 52.2998

T 22049 - 55.1725 T 22050 - 54.9729 T 22051 - 55.2071 T 22052 - 55.6791 T 22053 - 57,0574 T 22054 - 5?.4375

T 22055 - 59,2056 T 22056 - 58.0444 T 22057 - 58.3658 T 22058 - 58.3100 T 22059 - 51.4710 T 22060 - 54,9810

T 22061 - 50.7971 T 22062 - 58,1636 T 22063 - 56.3130 T 22064 - 56.1611 T 22065 - 56,0747 T 22066 - 56.1525

T 2206? - 56,5364 T 22061 - 56.?754 T 22069 - 57.0631 T 22070 - 60.7131 T 22071 - 54,6359 T 220?2 - 57,9771
T 220?3 - 57,9472 T 220?4 - 57.8639 T 22075 - S|.1184 T 22076 - 50.4681T 22033 - 57,5295 T 22034 - 57.5119

T 22035 - 56.3415 T 22036 - 57.0777 T 22037 - 54.0212 T 22038 - 54.1257 T 22039 -- 51.1513 T 22040 - 51.6761

T 22077 - 59.7704 T 22074 - 58.5073 T 22079 - 50.S081 T 22010 - 56.6890 T 22061 - 56,6757 T 22082 - 55.3596

T 22083 - 56,2817 T 22084 - 54.9975 T 31005 - 70.7661 T 31006 - ?0.7600 T 31007 - 70.7461 T 31008 - ?0.7034

T 31009 - 70.7246 T 31010 - 70.7142 T 31011 - 70.7500 T 31012 - 70.8131T 3101] - 70,7600 T 31014 - 70.7338

T 31015 - ?0.7330 T 31016 - ?0.7466 T 31017 - ?0.7477 T 31018 - 70.7430 T ]1019 - 70.7822 T 31020 - ?0.77|0

T 31021 - ?0.7729 T 31022 - ?0.76?9 T 31023 - 70.7646 T 31024 - ?0.7549 T 31025 - 70.7176 T 31026 - 70.7410

T 31027 - 70.7410 T 31028 - 70.7319 T 31029 - 70.7114 T 31030 - 70.7419 T 31031 - 70.7512 T 31032 - 70.7329

T 31033 - 70.1109 T 31034 - 70.8097 T 31035 - 70,7932 T 31036 - 70.7971 T 31037 - 70.7592 T 31038 - 70.7609

T 31039 - 70.7146 T 31040 - 70.7230 T 31049 - 70.7723 T 31050 - 70.7686 T 31051 - 70.?733 T 31052 - 70.7806

T 31053 - 70,8021 T 31054 - 70.8134 T 31055 - 70.1344 T 31056 - 70.8164 T 31057 - 70.6190 T 31058 - 70.1207

T 31059 - 70.6228 T 31060 - ?0.829? T 31061 - 70.1281T 31062 - 70.8264 T 31063 - 70.7933 T 31064 - 70.7903

T 31065 - 70.7894 T 31066 - 70.7908 T 31067 - 70.7967 T 31068 - T0.i005 T 31069 - 70.8045 T 31070 - 70.1548

T 31071 - 70.1259 T 31072 - 70.|176 T 31073 - 70.8185 T 31074 - ?0,0173 T 31075 - 70.8205 T 31076 - 70.$249

T 31077 - 70.1437 T 31071 - 70.1255 T 31079 - ?0.8225 T 31080 - 70.1256 T 31011 - 90.?986 T 31082 - 70.7788

T 31083 - 70.7915 T 31014 - ?0,7724 T 32005 - ?0,9986 T 32006 - 70,9986 T 32007 - 70.9915 T 32008 - 70.9962

T 32009 - 70.9983 T 32010 - 70.9913 T 32011 - 70.9985 T 32012 - 70.9989 T 32013 - 70.9986 T 32014 - 70.9984
T 32015 - 70.9984 T 32016 - 70,9985 T 32017 - 70,9915 T 32018 - 70.9985 T 32019 - 70,99|7 T 32020 - 70.9917

T 32021 - 70.9916 T 32022 - 70.9916 T 32023 - 70,9916 T 32024 - 70.9915 T 32025 - 70.9963 T 32026 - 70.9985

T 32027 - 70.9985 T 32028 - 70.9964 T 32029 - ?0,9913 T 32030 - 70.9915 T 32031 - 70.9915 T 32032 - 70.9984

1(c) COPYRIGHT 1912.1983.1964,1985.1986,1917 J.D.G._SKI SINDA/19871ANSI 1.31NETMORR ANALYSIS ASSOCZATF,$. INC, - PAGE 13

ST$ 36 PRE-LAt_CH SUI_'N:Z ENVII_ONN[,RI" MCCEL (A-.0)

T 32033 - 70.9919 T 32034 - 70.9919 T 32035 - 70.9911T 32036 - 70.9908 T 32037 - 70,9906 T 32031 - 70.9916

T 32039 - 70.99113 T 32040 - 70.9913 T ]2049 - 70.9916 T 32050 - 70.9916 T ]20Sl - 70.9916 T 32052 - 70.9917

T 32053 - 70.9908 T 32054 - 70.9909 T 32055 - 70,9990 T 32056 - 70.9909 T 3205? - ?0,9989 T 32054 - 70.9919

T 32059 - 70.9919 T 32060 - 70,9990 T 32061 - 70.9990 T 32062 - ?0.9990 T 32063 - ?0.9988 T 32064 - 70.9917

T 32065 - 70.9917 T 32066 - 70.9908 T 32067 - 70.99H T 32064 - 70.9988 T 32069 - 70.9990 T 32070 - 70.9991

T 32071 - ?0.9990 T 32072 - 70,9989 T 320?3 - 70.9919 T 32074 - 70.9989 T 32075 - 70.9989 T 32096 - ?0.9990

T 32077 - 70.9991 T 32078 - 70.9990 T 320?9 - 70.9989 T 32060 - 70.9989 T 32001 - 90.9988 T 32012 - ?0.998?

T 32083 - ?0.9988 T 32008 - 70.9986 T 33005 - 71.0000 T 33006 - 71.0000 T 33007 - 71.0000 T 33001 - 71.0000

T 33009 - ?1.0000 T 33010 - 71,0000 T 33011 - 71.0000 T 33012 - 71.0000 T 33013 - 71,0000 T 33014 - 71.0000

T 33015 - 71.0000 T 33016 - 71.0000 T 33019 - 91.0000 T 33011 - 71.0000 T 33019 - 71.0000 T 33020 - 71.0000
T 33021 - 71.0000 T 33022 - 71.0000 T 33023 - 71.0000 T 33024 - 71.0000 T 33025 - 71.0000 T 33026 - 71.0000

T 33027 * 71.0000 T 33028 - 71.0000 T 33029 - 71.0000 T 33030 - 71.0000 T 33031 - 71.0000 T 33032 - 71.0000

T 33033 - 71.0000 T 33034 - 71.0000 T 33035 - 71.0000 T 33036 - 71.0000 T 3303? - 71.0000 T 33038 - 71.0000

T 33039 - 71.0000 T 33040 - 71.0000 T 33049 - 71.0000 T 33050 - 71.0000 T 33051 - 71.0000 T 33052 - 71.0000

T 33053 - 71.0000 T 33054 - 71.0000 T 33055 - 71.0000 T 33056 - ?1.0000 T 33057 - 71.0000 T 33058 - 71.0000

T 33059 - 71.0000 T 33060 - 71.0000 T 33061 - 71.0000 T 33062 - 71.0000 T 33063 - 71.0000 T 33064 - 71.0000

T 33065 - 71.0000 T 33066 - 71.0000 T 33067 - 71.0000 T 33060 - 71.0000 T 33069 - 71.0000 T 330?0 - 71.0000

T 33071 - 71,0000 T 330?2 - 71.0000 T 33073 - 71.0000 T 33074 - 71.0000 T 33075 - 71.0000 T 33076 - 71.0000

T 330?? - ?1.0000 T 33071 - 71.0000 T 33079 - 71.0000 T 33080 - 71.0000 T 33011 - 71.0000 T 33012 - 71.0000

T 33013 - 71.0000 T 33014 - 71.0000 T 34005 - 71.0000 T 34006 - 71.0000 T 34007 - 71.0000 T 34001 - 71.0000

T 34009 - 71.0000 T 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000 T 34013 - 71.0000 T 34014 - 71.0000

T 34015 - 71.0000 T 34016 - 71.0000 T 34017 - 71.0000 T 34011 - 71.0000 T 34019 - 71.0000 T 34020 - 71.0000

T 34021 - 71.0000 T 34022 - 71.0000 T 34023 - 71.0000 T 34024 - 71.0000 T 34025 - 71.0000 T 34026 - 71.0000

T 3402? - 71.0000 T 34024 - ?1.0000 T 34029 - 71.0000 T 34030 - ?1,0000 T 34031 - 71.0000 T 34032 - 71.0000

T 34033 - 71.0000 T 34034 - 71.0000 T 34035 - 71.0000 T 34036 - 71.0000 T 34037 - 71.0000 T 34031 - 71.0000

T 36039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34050 - 71.0000 T 34051 - 71.O000 T 34052 * 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 34056 - 71.0000 T 34057 - 71.0000 T 34058 - 71.0000

T 34059 - 71.0000 T 34060 - 71.0000 T 34061 - 71.0000 T 34062 - 71.0000 T 34063 - 71.0000 T 34064 - 71.0000

T 34065 - 71.0000 T 34066 - 71.0000 T 34067 - 71.0000 T 34068 - 71.0000 T 34069 - 71.0000 T 34070 - 71.0000
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T 34071 - 71.0000 T 346?2 - 71.0000 T 340?3 * 71.0000 T 340?4 - 71.0000 T 340?5 - 71.0000 T 340?6 - 71.0000

T 340?? - 71.0000 T 340?8 - 71.0000 T 340?9 - 71.0000 T 34080 - 71.0000 T 34081 - 71.0000 T 34002 - 71.0000

T 34053 - 71.0000 T 34004 - 71.0000 T 42006 - 98.2013 T 42013 - 97.6931T 42020 - 99.?$79 T 4202? - 96.6812

T 42008 - 95.7396 T 42015 - 95.0262 T 42022 - 99.5162 T 42029 - 96.4642 T 42010 - 99.0416 T 42017 - 100.10|8
T 42024 - 99.2253 T 42031 - 99.7011T 42050 - 95.3992 T 4205? - 95.6095 T 42064 - 57.6861T 42071 - 99.?830

T 42052 - 97.1137 T 42059 - 99.2163 T 42066 - 95.037? T 42073 - 99.6526 T 42054 - 99.4942 T 42051 - 99.1749

T 42064 - 98.4898 T 42075 - 99.7549 T 43005 - 55.6062 T 43013 - 54.6606 T 43020 - 57.4211T 43027 - 54.3657

T 43004 - 52.1304 T 43015 - 54.1820 ? 43022 - 56.7072 ? 43029 - 53.3057 T 43010 - 53.4554 T 43017 - 54.?107

T 43024 - 54.3354 T 43031 - 54.7136 T 43050 - 62.1245 T 43057 - 72.3982 ? 43064 - 59.2855 ? 43071 - 51.0935

T 43052 - 53.7362 T 43059 - ?2.8035 T 43065 - 59.6004 ? 430?3 - 60.9220 T 43054 - 66.2151T 43061 - 73.2823

T 4305| - 60.3510 T 43075 - 51.1954 T 8000 - 42.5366 T 8005 - 43.5200 T 8010 - 45.3112 ? 1011 - 43.4799

T 8015 - 42.5263 T 8015 - 42.2933 T 8020 - 44.1571T 8025 - 42.8293 T 8030 - 45.9517 T 8035 - 53.3319

T 6000 - 36.8317 T 6010 - 36.4631 ? 6020 - 36.4455 T 6030 - 36.4357 T &040 - 36.3523 T 6050 - 36.4092

T 6060 - 36.3789 T 60?0 - 36.2298 T 6080 - 36.1705 T 6090 - 36.1365 T 6001 - 37.$869 T 6011 - 37.5728
T 6021 - 37.5021T &031 - 37.4050 T 6041 - 37.3649 ? 6051 - 37.3422 T 6061 - 37.2982 T 6071 - 3?.2825

T 6081 - 37.2735 T 6091 - 37.0441T 500 - 36.6145 T 501 - 36.3149 T $02 - 37.0643 ? 503 - 36.6912

? 9000 - 37.0682 T 9001 - 37.0973 T 9002 - 37.0986 T 9003 - 37.0945 T 40 - 63.0000 T 9999 - 34.8694

T ?000 - -423.0000 T 7001 - -297.0000 T ?002 - 55.0000 T 7OO3 - 80.O0OO T 4884 - 63.0000 T 8889 - 30.0000

T 8890 - 0.0000 T 8991 - 238.0000 T 8892 - 9.8000 T 13001 - 201.5651T 13002 - 193.5451T 13003 - 195.5501

T 13004 - 194.7481T 13005 - 724.0681T 13006 - 720.0541T 13007 - 724.0781T 13004 - 728.0781T 13009 - 193.5451

T 13010 - $43.6181T 13011 - 675.9481T 13012 - 776.1981T 13013 - 44.$335 T 13014 - 42.?691T 13015 - 45.4633

T 13016 - 50.&615 T 13017 - 216.8031T 13018 - 1076.9461T 13019 - 1040.8581T 13020 - 61.2151T 13021 - 115.7511

T 13022 - 760.1511T 13023 - 362.7671T 13024 - 36.9145 T 13025 - 559.9081T 13025 - 1522.0581T 13027 - 164.2721

T 13025 - 50.1576 T 13029 - 311.4391T 13030 - 720.0581T 13031 - 97.?061T 13032 - 27.2103 T 13033 - 95.3001

T 13034 - 257.3791T 13035 - 113.3451T 13036 - _1.0971T 13037 - 5?.2053 T 16001 - 0.0000 T 16002 - 0.0000
T 16003 * 0.0000 T 16004 - 0.0000 T 15005 - 0.0000 T 16006 - 0.0000 T 16007 - 0.0000 T 16001 - 0.0000

T 16009 - 0.0000 T 16010 - 0.0000 T 16011 - 0.0000 T 16012 - 0.0000 T 16013 - 0.0000 T 1$014 - 64.5623

T 16015 - 0.0000 T 16016 - 0.0000 T 16017 - 0.0000 T 16018 - 0.0000 T 16019 - 0.0000 T 16020 - 0.0000

1(C) COPYRIGHT 1912o1913,1_4,1915,1986,1987 J.D.GASKI 51NDA/198?/A_51 1.31 _TWORK JUIALYSIS .t.3S(X:IATZ$o 1NC. - PAG_ 14

STS 36 pRZ-I, kUNCH SURFACE EkrvzRON_NT /40OF.,L (A-.8}

T 16021 - 0.0000 T 16022 - 0.0000 T 16023 - 0.0000 T 16024 - 0.0000 T 16025 - 0.0000 T 16026 - 0.0000

T 16027 - 0.0000 T 16028 - 0.0000 T 16029 - 0.0000 T 16030 - 0.0000 T 16031 - 0.0000 T 16032 - 0.0000

T 16033 - 0.0000 T 16034 - 0.0000 T 16035 - 0.0000 T 16036 - 0.0000 T 16037 - 0.0000 T 101 - 8.4829

T 102 - |.90_2 T 103 - 9.005? T 104 - 9.2240 T 105 * 10.1769 T 106 - 9.3696 T 107 - 9.4490
T 108 - 10._901T 109 - 10.7327 T 110 - 10.9643 T 111 - 10.$665 T 112 * 10.4813 T 113 - 5.9615

T 114 - 6._625 T 115 - 6.8816 T 116 - ?.4904 T 117 - 10.6004 T 114 - ]1.6326 T 119 - 11.1155
T 120 - 5.J_92 T 121 - 11.9039 T 122 - 12.5722 T 123 - 11.9564 T 124 - 8.0264 T 125 - 15.0535

T 126 - 15.0470 T 127 - 15.5035 T 128 - 11.4341T 129 - 19.1230 T 130 - 17.5349 T 131 - 1|.3951

T 132 - 16.7938 T 133 - 12.7575 T 134 - 11.8708 T 135 - 10.7195 T 136 - 7.82?9 T 137 - 25.0121

T 151 - 0.5125 T 152 - 0.5324 T 153 - 0.5444 T 154 - 0.55?6 T 155 - 0.6152 T 156 - 0.5664

T 157 * 0,S712 T 158 - 0.6160 T 159 - 0.6458 T 160 - 0.$62| T 161 - 0.6448 T 152 - 0.$335

T 153 - 0.3601 T 164 - 0.408| T 155 - 0.4160 T 166 - 0.4521 T 157 - 0.6408 T 168 - 0.?O32

T 169 - 0.6?20 T 170 - 0.4895 T 171 - 0.719_ T 172 - 0.7500 T 173 - 0.722| T 174 - 0.4|52
T 175 - 0.9100 T 176 - 0.9095 T 177 - 0.93?2 T 178 - 0.6912 T 179 - 1.1560 T 180 - 1.0600

T 181 - 1.1120 T 102 - 1.0152 T 183 - 0.7712 T 184 - 0.7176 T 183 - 0.6490 T 115 - 0.4?32

T 187 - 1.5120 T 201 - 0.0000 T 202 - 0.0000 T 203 - 0.0000 T 204 - 0.0000 T 205 - 0.0000

T 206 - 0.0000 T 20? - 0.0000 T 209 - 0.0000 T 209 - 0.0000 T 210 - 0.0000 T 211 - 0.0000

T 212 - 0.0000 T 213 - 0.0000 T 214 - 0.0000 T 215 - 0.0000 T 216 - 0.0000 T 217 - 0.0000

T 218 - 0.0000 T 219 - 0.0000 T 220 - 0.0000 T 221 - 0.0000 T 222 - 0.0000 T 223 - 0.000O

T 224 " 0.0000 T 225 " 0.0000 T 226 " 0.0000 T 227 " 0.0000 T 220 - 0.0000 T 229 - 0.0000

T 230 - 0.0000 T 231 - 0.0000 T 232 - 0.0000 T 233 - 0.0000 T 234 - 0.0000 T 235 - 0.0000

T 236 - 0.0000 T 23? - 0.0000 T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000

T 405 - 0.0000 T 406 - 0.0000 T 407 - 0.0000 T 409 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

T 411 - 0.0000 T 412 - 0.0000 T 413 - 0.0000 T 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

T 417 - 0.0000 T 418 - 0.0000 T 419 - 0.0000 T 420 - 0.0000 T 421 - 0.0000 T 422 - 0.0000

T 423 - 0.0000 T 424 - 0.0000 T 425 - 0.0000 T 426 - 0.0000 T 42? - 0.0000 T 428 - 0.0000

T 429 - 0.0000 T 430 - 0.0000 T 431 - 0.0000 T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

T 435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T ?01 - -0.0114 T 702 - 0.0033 T 703 - -0.0012

T 704 - -0.0133 T 705 - -0.0301T ?06 - -0.0096 T 707 - -0.0159 T 708 - -0.0266 T 709 - -0.0294

? 710 - -0.0153 T 711 - -0.0152 T 712 - -0.0233 T 713 - -0.0034 T 714 - 0.0050 T 715 - 0.0015

T 716 - -0.0089 T 717 - -0.O?ll T 718 - -0.0571T 719 - -0.0?49 T ?20 - -0.0672 T 721 - -0.0156

T 722 - -0.0267 T 723 - -0.0185 T ?24 - -0.0005 T ?25 - -0.03?3 T ?26 - -0.0431T 72? - -0.0394

T 728 - -0.0199 T 729 * -0.1023 T 730 * -0.0953 T 731 - -0.0944 ? ?32 - -0.0954 T 733 - -0.0363
T 734 - -0.0381T 735 - -0.0243 T ?36 - -0.0195 T ?37 - -0.2262 T 801 - 0.0000 ? 102 - 0.0021

T 403 - 0.0000 T 104 - 0.0000 T 805 - 0.0000 T 506 - 0.0000 T 407 - 0.0000 T 808 - 0.0000

T 409 - 0.0000 T 810 - 0.0000 T 811 - 0.0000 T 812 - 0.0000 T 513 - 0.0000 T 114 - 0.0041

T 815 - 0.0013 T 816 - 0.0000 T 817 - 0.0000 T 919 - 0.0000 T 619 - 0.0000 T 420 - 0.0000

T 821 - 0.0000 T 822 - 0.0000 T 123 - 0.0000 T 824 - 0.0000 T 023 - 0.0000 T 426 - 0.0000

T 827 * 0.0000 T 428 - 0.0000 T 829 - 0.0000 T 830 - 0.0000 T 831 - 0.0000 T 932 - 0.0000

T 833 - 0.0000 T 834 - 0.0000 T 835 - 0.0000 T 836 - 0.0000 T 437 - 0.0000 T 901 - 0.0000

T 902 - 4.0953 T 903 - 0.0000 T 904 - 0,0000 T 905 - 0.0000 T 906 - 0.0000 T _07 - 0.0000

T 901 - 0.0000 T 909 - 0.0000 T 910 - 0.0000 T 911 - 0.0000 T 912 - 0.0000 T 913 - 0.0000

T 914 - 9.39?4 T 915 - 2.5?94 T 916 - 0.0000 T 917 - 0.0000 T 918 - 0.0000 T 919 - 0.0000
T 920 - 0.0000 T 921 - 0.0000 T 922 - 0.0000 T 923 - 0.0000 T 924 - 0.0000 T 925 - 0.0000

T 926 - 0.0000 T 92? - 0.0000 T 928 - 0.0000 T 929 - 0.0000 T 930 - 0.0000 T 931 - 0.0000

T 932 - 0.0000 T 933 - 0.0000 T 934 - 0.0000 T 935 - 0.0000 T 936 - 0.0000 T 937 - 0.0000

t'J'N 425,3,1,12054.?,12061.7.1.66 $ S_

r'_N 429,3.1o12055,?o12062,7,1.65 $ SRN

C

433,12049,12070,1.65 3 - 24.?795 T 1004 - 28.6851T 1005 *

34.5694 T 1006 - 32.3512
T 1007 - 33.4296 T 1008 - 34.0612 ? 1009 - 38.7669 T 1010 - 35.0436 T 1011 - 33.0047 ? 1012 - 35.4327

T 1017 - 35.0322 T 1014 - 31.2500 T 1015 - 30.9956 T 1015 - 33.6792 T 1017 - 44.5??6 T 1014 - 53.9552

T 1019 - 51.6451 T 1020 - 52.0465 T 1021 - 31.0151 T 1022 - 37.K05 T 1023 - 35.7139 ? 1024 - 31.2152

T 1025 - 30.7598 T 1026 - 41.0177 T 1027 - 3?.52?4 T 1028 - 37.0525 T 1029 - 48.2542 T 1030 - 47.9311

T 1031 - 47.1037 T 1032 - 47.8578 T 1033 - 36.3931T 1034 - 37.1473 T 1035 - 29.04?5 T 1036 - 36.$801
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STS 36 pRE-I._Tdq4C_I SUKF_'Z F,NVIRONI'E_F 14C_EL (A-.83

T 1037 - 56.2930 ? 2001 - -9.9035 T 3001 - -90.4731 T 4001 - -191.3402 T S001 - -331.2228 ? 2002 - -12.4339

T 3002 - -92.6?32 T 4002 - -192.9163 T $002 - -331.8893 ? 2003 - -10.206,1T 3003 - -90.?3?? T 4003 " -191.$297

T $003 - -331.2997 T 2004 - -6.$227 T 3004 - -6?.5356 T 4004 " -109.2350 T S004 - -330.3263 T 2005 - 2.9946

T 3005 - -79.3496 T 4005 - -193.3661T S00S - -32?.8266 T 2006 - -3.03?6 T 3006 * -84.3071T 4006 - -187.0632

T 3006 - -329.39?0 T 200? - -2.0484 T 3007 - -83.6470 T 400? - -106.4469 T SO0? - -329.1365 T 2000 - 2.3194

T 3008 - -79.8510 T 4008 - -103.7239 T SO00 - -32?.9?92 ? 2009 - 2.9468 T 3009 - -79.2691T 4009 - -143.3082
T S009 - -32?.802? T 2010 - -0.499? T 3010 - -82.2915 T 4010 - -115.4749 ? 3010 - -328.7214 T 2011 - -2.4482

T 3011 - -13.9934 T 4011 - -186.6946 T S011 - -329.2413 T 2012 - -0.1573 T 3012 - -82.0011T 4012 - -185.2640

T 5012 - -328.6351 T 2013 - -0.$365 T 3013 - -82.3371T 4013 - -105.5098 T 5013 - -329.?40? T 2014 - -4.1066

T 3014 - -85.4391 T 4014 - -197.7330 T S014 - -329.6834 T 2015 - *4.3434 T 3015 - -85.6454 T 4015 - -187.9813

T 5015 - *329.74?6 T 2016 - -1.8159 T 3016 - -83.4473 T 4016 - -186.3054 T 5016 * -329.0?93 T 2017 - 49.3917

T 3017 - $1.0072 T 4017 - 52.6105 ? S017 - $4.2044 T 2018 - 54.0936 T 3014 - $4.3604 T 4011 - 54.6193

T 5018 - $4.8734 T 2019 - 52.0?34 T 3019 - 52.9106 T 4019 - 53.7549 T S019 - 54.5854 T 2020 - 52.4232

T 3020 - 53.1671T 4020 - 53.9034 T S020 - 54.6347 T 2021 - 1.6571T 3021 - -63.9972 T 4021 - -143.0362

? 5021 - -241.0155 T 2022 - |.1431 T 3022 - -$4.$449 T 4022 - -140.0252 T 5022 * -239,5564 T 2023 - 6.0493
? 3023 - -60.2945 T 4023 * -141.2737 ? 5023 * -240.0346 T 2024 - 1.8441 T 3024 * -63.8396 T 4024 _ -143.7273
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T 5024 - -240.9?40 T 2025 - 8,8151 T 3025 - -57.9304 T 4025 - -139.5723 T $025 - -239.3632 T 2026 - 10.9187

T 3025 - -58.1920 T 4026 - -138,2817 7 5026 - -238.4015 T 2027 - ?.7404 T 3027 - -51.8787 ? 402? - -140.2722

T 5027 - -239.8520 T 2028 - ?.2Jl9 T 3028 - -59.2443 T 4028 - -140.S419 T 5028 - -U9.7548 T 2029 - 17.7221

T 3029 - -50.5125 T 4021 - -134.1313 ? 5029 - -237.3027 T 2030 - 17.4160 T 3030 - -30.8544 T 4030 - -134.3388

T S030 - -237.3109 T 2031 - 11.6468 T 3031 - -51.4943 T 4031 - -134.1137 T 5031 - -237.5638 T 2032 - 17.3466

T 3032 - -50.1165 T 4032 - -134.3178 T S032 - -237.4006 T 2033 - 0.2022 T 3033 - -81.4543 ? 4033 - -181.7336

? $033 - -325.8665 T 2034 - 1.0080 T 3034 - -80.8611 T 4034 - -181.296_T 5038 - -325.6?90 T 2035 - -6,6773
T 3035 - -87.2244 T 4035 - -105.9127 T S035 - -327.606? T 2036 - 0,46817 3036 - -81.3019 T 4034 - -181,&274

T 5036 - -325.8222 T 203? - 59.3101 ? 303? - 65.4636 ? 403? - 71.379) T S037 - ??.1465 T 21001 - -422.985?

T 21002 - -422.9811T 21003 - -422.9110 T 21005 - -422.9843 T 21006 - -422.9?9? T 21007 - -422.9017 T 21009 - -822.9051

T 21010 - -422.9805 Y 21011 - -422.8812 T 21013 - -422.9846 T 21014 - -422,_t06 T 21015 - -422.9117 T 21004 - -422.9841

T 21008 - -422.9138 T 21012 - -422.9134 7 21016 - -422.9834 T 21017 - 34.9998 T 21011 - 54.9998 T 21019 - 54,9_8

T 21020 - 54.9991 T 21021 - -296.9901 T 21022 - -296.9906 T 21023 - -296._07 T 21024 - -296.9910 T 21025 - -294.9901

T 21026 - -296.9910 T 21027 - -296.9914 T 21028 - -290.9910 T 21029 - -296.9970 T 21030 - -296.9935 T 21031 - -296.9966

T 21032 - -296.9_6 T 21033 - -422.8150 T 21034 - -422.9860 T 21035 - -422.9860 T 21036 - -822.9864 T 21037 - ?9.9992

T 12001 - 33.3?86 T 12002 - 33.2390 T 12003 - 52.1702 T 12004 - 53.$12| T 12041 - 51.3351 T 12042 - 52.0395

T 12043 - 4?.3200 T 12044 - 48.1493 T 12085 - 53.1917 T 12046 - 53.9466 T 12047 - 54.0655 T 12048 - 56.2664

T 120|$ - 50.8910 T 12086 - 53.6129 T 12017 - 49.84?9 T 12081 - 51.2177 T 12003 - 54.4134 T 12012 - 57.S679

T 12019 - 53.826? T 12026 - 53.9003 T 12006 - 38.2??6 T 12013 - 54.?39? T 12020 - 53.6609 T 12027 - $4.02|1

T 12007 - $3.3683 T 12014 - 53.2131 T 12021 - $3.3953 T 12028 - $3.4203 T 12008 - 51.9515 T" 12015 - $2.9553

T 12022 - $3.2467 ? 12029 - 52.6124 T 12009 - $2.?710 T 12016 - 53.3079 T 12023 - 33.0779 T 12030 - 52.7332

T 12010 - $2.$492 T 12017 - 53.2996 T 12024 - $2.6484 T 1203] - $2.0544 T 12011 - $3.7430 T 12018 - 53.1213
? 12025 - 50.9246 T 12032 - 51,39?3 T 12033 - 55.6310 T 12034 - 55.2038 ? 12035 - 34.7032 T 12036 - $5.1596

T 12037 - $2.493] T 12038 - $2.6830 T 12039 - $1.0313 T 12040 - 51.3153 T 22001 - $4.3327 T 22002 - SS.Stle

T 22003 - 54.5628 T 22004 - $4.2830 T 22041 - $3.?009 T 22042 - 54.1348 T 22043 - 49.3004 ? 22044 - 50.6?90

T 12049 - 34.3790 T 12056 - 5t.1869 T 12063 - 34.4119 T 12070 - 51.9745 T 12050 - 54.3016 T 12057 - 56.4151

T 12064 - 54.380? T 12071 - 57.329| T 12051 - 34.25]8 T 12051 - 56.3901T 12065 - 54.2$30 T lZ072 - 56.5141

T 12052 - $4.4_40 T 12059 - 56.4101 T 12066 - )4.2?23 T 12073 - $6.2350 T 12053 - 55.4768 ? 120t0 - $1.5739

7 12067 - 54.3985 T 12034 - 56.1028 T 12034 - 56.308? T 12061 - 36,2156 T 12068 - $4.6296 T 12075 - 56.4081

T 12055 - S?.1700 T 12062 - 55.9980 T 12061 - 54,8450 T 12076 - 36.7501 T 12077 - 57.1536 T 12078 - 55.8126

? 12079 - 55.6600 T 12080 - 56.0781 T 12011 - 54.4520 ? 12082 - 53.6421 T 12013 - 54.8638 T 12084 - 53.1142

T 22045 - 54.??34 T 22046 - 55.123t T 2204? - 56.3240 ? 22048 - 57.8416 T 22085 - 54.2153 T 22086 - 55.6370

? 2200? - 52.4456 T 22008 - 53.4436 T 22005 - 54.4242 T 22006 - 54.2802 ? 2200? - 53.3795 T 22000 - 51,9634

T 22000 - 52.?824 T 22010 - 52.560? ? 22011 - 53.?339 T 22012 - 57.5?65 T 22013 " 54.7499 T 22014 - 53.2250

? 22015 - $2.9667 T 220]6 - 53.3191T 22017 - 53.3101 T 22018 - 53.1326 T 22019 - 53,6380 T 22020 - 33.6723

T 22021 - 33.4064 ? 22022 - 53.2512 T 22023 - 53.0890 ? 22024 - S2.110? T 22025 - 50,9375 T 22026 - 53.9112

? 2202? - 54+0309 ? 22028 - 53.4314 T 22021 - 52,6243 T 22030 - 52.7449 T 22031 - 52.0660 ? 22032 - 51.6090

? 22049 - 54,3890 ? 22050 - 54.3123 T 22051 - 54.262? T 22052 - 54.4?40 T 22053 - 55.4170 T 22054 - 56.3183

? 22055 - 57,1792 T 22056 - 54.1tN_? T 2205? - 36.424? T 22050 - 56.3994 T 22059 - 56.4197 T 22060 - 56.5135

? 22061 - 56.2954 T 22062 - 56.0012 T 22063 - 54.492? T 22004 - 54.3916 T 22065 - 54.2640 ? 22066 - 54.2833

? 2206? - 54.4095 T 22068 - 54.6404 T 22069 - $4.0558 T 220?0 - 38.9824 T 22071 - 5?.330? T 220?2 - 56.5?42

18C) COPYRIGHT 1912.1903,1984,1985o1986o1907 3.D.G_SKI SIN_I_/198?/)J_S! 1.31 _TNORK PJ4_Y$1$ 7LSSOCIATES, INC. - PAGE 16

STS 36 PRE-L_U_CH SURFACE rJ_VIRON_NT NOOEL (A-.0)

? 220?3 - 56.244? T 220?4 - 56.1124 ? 220?5 - 56.4184 T 220?6 - 56.?602 ? 22033 - 55.6412 T 22034 - 55.2143

? 22035 - 54.?939 T 22036 - 55.1702 ? 2203? - 52.5032 ? 22038 - 52.6950 T 22039 - 51.0491T 22040 - 51.3979

? 220?? - 57.1629 T 220?0 - 55.8229 T 220?9 - 55.6?04 ? 22000 - 56,0881 T 22081 - 54,4630 T 22082 - $3,6535

T 220|3 - 54,8764 T 22084 - 53.8953 ? 31005 - ?0,5449 ? 31006 - ?0.5359 T 31007 - ?0.5084 T 31008 - ?0.4407

? 31009 - 70.4731 T 31010 - ?0.460] ? 31011 - 70.5179 ? 31012 - ?0,6351T 31013 - ?0.5394 T 31014 - 70,4912

? 31015 - ?0.48?3 T 31014 - ?0.3056 ? 31017 - ?0.5096 ? 31011 - 70.5021 T 31010 - 70.5612 T 31020 - ?0.5544

? 31021 - ?0.5453 T 31022 - ?0.53?3 T 31023 - 70.5314 ? 31024 - 70.5148 T 31025 - ?0.4506 T 31026 - 70.5161

T 31027 - 70.5381T 31028 - 70.4916 ? 31029 - 70.45?5 ? 31030 - ?0.4984 T 31031 - ?0.5053 ? 31032 - ?0.4769

31033 - 70.6141 ? 31034 - ?0.6096 T 31035 - ?0.5832 T 31036 - ?0.5959 ? 31037 - 70.5112 T 31030 - 70.5219

? 31039 - ?0.4464 T 31040 - ?0.4603 T 31049 - ?0.5545 T 31050 - 70.5493 T 31051 - ?0.5545 T 31052 - 70.SE&1

T 31053 - ?0,6020 ? 31054 - ?0.6240 T 31055 - 70.6601T 31054 - ?0.1278 T 31057 - ?0.6340 T 31058 - 70.6355

? 31039 - ?0,6380 Y 31060 - 70.6491Y 31061 - ?0.6444 T 31062 - 70.t436 T 31063 - 70.5819 ? 31064 - 70,5773

T 31065 - 70,5?49 T 31066 - 70.5?58 T 31067 - 70.5058 T 31060 - ?0.5926 Y 31061 - 70.6000 ? 31070 - ?0.?022

T 31071 - 70.6491 T 31072 - 70.6312 T 31073 - 70.6291T 31074 - ?0.12t4 T 31075 - ?0.6335 ? 31076 - 70.642?

T 31077 - 70.6713 T 31078 - ?0,6357 T 31079 - ?0.6322 ? 31080 - ?0.6309 ? 31001 - ?0.5077 T 31012 - 70.5)42

T 31083 - 70.5119 T 31084 - ?0.34?9 T 32005 - 70,9946 T 32006 - 70._45 T 3200? - 70,9941 T 32001 - ?0.9932
T 32009 - ?0.993? T 32010 - ?0.9935 T 32011 - ?0,9942 T 32012 - 70.993? ? 32013 - ?0.9945 T 32014 - ?0.9939

T 32015 - ?0.9939 T 32016 - 70.9_41T 32017 - ?0.9942 T 32018 - 70.9941 T 32019 - ?0.9949 T 32020 - ?0.9940

T 32021 - ?0.994? T 32022 - ?0.994_ ? 32023 - 70.9945 T 32024 - ?0.9943 T 32025 - ?0.9935 T 32026 - 70.9_42

T 3202? - ?0.9942 T 32020 - ?0.9939 T 32029 - ?0.9934 T 32030 - ?0.9940 T 32031 - ?0.9_42 T 32032 - ?0.9938

T 32033 - ?0.9954 T 32034 - ?0.9955 T 32035 - ?0,9952 T 32036 - ?0.9933 T 3203? - 70.9944 T 32038 - ?0.9944

T 32039 * ?0.9934 ? 32040 - 70.9936 T 32049 - ?0.9947 T 32050 - 70.994t T 32051 - ?0.994? T 32052 - ?0.9949

T 32053 - ?0.9954 T 32054 - ?0.9956 T 32055 - 70.9961 T 32056 - ?0.905? ? 3205? - 70.995? T 32058 - 70.9951

T 32059 - ?0.9950 T 32060 - ?0.9_0 T 32061 - ?0.9950 ? 32002 - ?0._59 T 32063 - ?0.9952 ? 32064 - ?0,9951

T 32065 - 70.9951 T 3206_ - 70.9951 T 3206? - ?0.9952 T 32068 - ?0.9953 T 32069 - ?0.9954 T 320?0 - ?0.9_&

T 32071 - ?0.9959 T 320?2 - ?0.995? T 320?3 - 70.995? T 32074 - ?0.995? T 320?5 - ?0.9958 T 3207t - ?0.9959

T 320?? - ?0.9963 T 32078 - ?0.9959 T 320?9 - 70.9951 T 32000 - ?0.9959 T 32011 - ?0.9953 T 32082 - ?0.9)48

T 32003 - 70. 9951 T 32084 - ?0,9_47 T 33005 - 71.0000 T 33006 - 71.0000 T 3300? - 71.0000 ? 33000 - ?0.9999
T 33009 - ?0.0999 T 33010 - ?0.9999 T 33011 - 71.0000 T 33012 - 71.0000 T 33013 - 71.0000 T 33014 - 71.0000

T 33015 - 71.0000 T 33016 - 71.0000 T 33017 - 71,0000 T 33018 - 71.0000 T 33019 _ 71,0000 ? 33020 _ 71.0000

T 33021 - 71.0000 T 33022 - 71.0000 T 33023 - 71.0000 T 33024 - 71.0000 T 33025 - 70.9991 ? 33026 - 71.0000

T 3302? - 71.0000 T 33028 - ?0,9999 ? 33021 - ?0.9999 T 33030 - 71.0000 T 33031 - 71.0000 T 33032 - ?0.9999

T 33033 - 71.0000 ? 33034 - 71.0000 T 33035 - 71.0000 T 33036 - 71.0000 T 3303? - 71.0000 T 33030 - 71.0000

T 33039 - 70.9999 T 33040 - 70.999t T 33049 - 71.0000 T 33050 - 71.0000 T 33051 - 71.0000 T 33052 - 71.0000

T 33053 - 71.0000 T 33054 - 71.0000 T 33055 - 71,0000 T 33056 - ?1.0000 T 3305? - 71.0000 T 33051 - ?1.0000

T 33059 - 71.0000 T 33060 - 71.0000 T 33061 - ?1.0000 T 33062 - 71.0000 T 33063 - 71.0000 T 33064 _ 71.0000

T 33065 - 71.0000 T 33066 - 71.0000 T 3306? - ?1.0000 T 33060 - 71.0000 T 33069 - 71.0000 T 33070 - 71.0000

T 33071 - 71.0000 T 330?2 - 71.0000 T 33073 - 71.0000 ? 330?4 - 71.0000 T 330?5 - 71.0000 T 330?6 - 71.0000

T 330?? - 71.0000 T 330?8 - ?2.0000 T 33079 - 71.0000 ? 33010 - 71.0000 T 33001 - 71.0000 T 33082 - 71.0000

T 33083 - 71.0000 T 33004 - 71.0000 T 34005 - 71.0000 T 34006 - 71.0000 T 3400? - 71.0000 T 34008 - 71.0000

T 34009 - 71.0000 ? 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000 T 34013 - 71.0000 T 34014 - 71,0000

T 34015 - 71.0000 T )401_ - 71.0000 T 34017 - 71.0000 T 34011 - 71,0000 T 34019 - 71.0000 T 34020 - 71,0000

T 34021 - 71.0000 T 34022 - 71.0000 T 34023 - 71.0000 T 34024 - 71.0000 T 34025 - 71.0000 T 34026 - 71.000C

T 3402? - 71.0000 T 34021 - 71.0000 T 34029 - 71.0000 T 34030 - 71.0000 T 34031 o 71.0000 Y 34032 - 71.0000

? 34033 - 71.0000 T 34034 - 71.0000 T 34035 - 71.0000 T 34034 - 71.0000 T 3403? - 71.0000 T 34034 - 71,0000

? 34031 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34030 - 71.0000 T 34051 - 71.0000 T 34052 - 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 34056 - 71.0000 T 3403? - 71.0000 T 34054 - 71.0000

? 34059 - 71.0000 T 34060 - 71.0000 T 34061 - 71.0000 ? 340_2 - 71.0000 ? 34063 - 71,0000 T 34064 - 71.0000

T 34065 - 71.0000 T 34066 - 71.0000 T )406? - 71.0000 Y 34061 - 71.0000 T 34061 - 71.0000 T )40?0 - 71.0000

T 34071 - 71.0000 T 340?2 - 71.0000 T 340?3 - 71.0000 T 340?4 - 71.0000 T 340?5 - 71,0000 T 340?6 - 71.0000

T 3407_ - 71.0000 T 340?8 - 71,0000 T 34079 - 71.0000 T 34010 - 71.0000 ? 34011 - 71.0000 T 34082 - 71.0000

T 34013 - 71.0000 T 34014 - 71.0000 ? 42006 - 95.2960 T 42013 - 94,8137 T 42020 - 96.7951 T 4202? - 93.8506
T 42008 - 92.0660 T 42015 - 95.0?43 T 42022 - 96.8080 ? 42029 - 93.5113 ? 42010 - 96.0152 T 42017 - 9?.0360

T 42024 - 94.1456 T 42031 - 94.603? ? 42050 - 92.?666 T 4205? - 95,9?55 T 42064 - 94.9133 T 42071 - 9?.0266

T 42052 - 94.4326 T 42051 - 94.$556 T 42066 - 95.249_ T 420?3 - 96.0938 T 42054 - 96.7132 T 420_1 - 91.5127

T 42068 - 15.7041 T 42075 - 94.98?4 T 43006 - $9.5740 T 43013 - 38.6557 T 43020 - 61.3t16 T 4302? - $8.3173

T 43000 - 56.1892 T 43015 - 51.2477 T 43022 - 60.?230 T 43029 - S?.3297 T 43010 - 5?.684? T 43017 - 51,9137

18C) COPYAIGHT 1912o1983.1984,1985,1986,1917 3.D.GASXZ IINDA/l10?/N(SI 1,31 METtIOP_ _7_YSZS _.SSOCIATISo ZNC. - PA_ 17

STS 36 PRZ-I_UNC_ S_ACZ _RO_q_IlT I_OEL (A-.81

T 43024 - $8.$165 T 43031 - $1.1975 T 43050 - 65.6&27 T 43057 - 75.1675 T 43064 - 62.965? T 43071 - 64.?4??

T 43052 - 6?.2??? ? 43059 - ?6.2625 T 43064 - 63.2?44 T 430?3 - 64.S710 T 43034 - 69.7401T 43061 - ?6.7342

T 43068 - 63.999_ ? 430?5 - 64.1329 T 1000 - 41.2207 ? 1005 - 42.6671 T 8010 - 43.1067 T 8011 - 43.4100

T 1015 - 41.2010 T 0016 - 42.2933 T 1020 - 42.884? T 8025 - 41.9665 T 1030 - 44.39?? ? 1035 - 51.9704
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6000 - 36.245_ T 6010 - 3£.1034 T 6_2C - 3_ C'_91

6060 - ]5.9129 T 6070 - 35.135D T 60@C - _._"i_

602_ - 36.5392 T £031 - 36.4373 _ 604_ o 3£ _99_

£0_! - 36.3033 T 6091 - 35.723e T 50_ - 3_.213_

9000 - 32,£692 T 9001 - 32.67£5 T 900? - 326 _1_!

?000 - -423.000C T 7001 - -297.000C T 3002 - 55.0CC[

ee90 - 0.0000 T 189] - 2]7.0000 T $Q97 - 9,_0C_

13004 - 2.5313 T 13005 - 2.5313 T 13006 - 2,52_?

13010 - 2.5313 T 1301] - 2.5313 T 13012 - 2,5_?

1301£ - 2.5313 T 13013 - 2.5313 T ]3018 - 2,53_

13022 - 2.5313 T 13023 - 2.53]3 T 13024 - 2.53_3

13021 - 2.5313 T 13029 - 2.5313 T 13030 - 2,53]3

13034 - 2.5313 T 13035 - 2.5313 T 13036 - 2.53_
16003 - 2139.3912 T 16004 - 1096.350C T 16005 - C.000C

1£009 - 0.0000 T 16010 - 0.0000 T 1601_ - 0.000_

]6C15 - 374.9263 T 16016 - 0.0000 T 16017 - 0.000f

1£021 - 171.1_70 T ]60Z2 - 0.0000 T ]6023 - 0,C00C

]6027 - 0.0000 T 16021 - 0.0000 T 16029 - 0.000_

6_30 - 36.07]7 T 6040 - 35.9705 T 6050 - 36.0174

609_ - 35.7394 T 6001 - 36.6370 T 6011 - 36.6129
605i - 36.3754 T 60£i - 36.3306 T £071 - 36.3127

50! - 35.9317 T 502 - 36.617] T 503 - 36,319]

9003 - 32.6734 T 40 - 59.6000 T 9999 - 3],|415

70C_ - 10.0000 T 1111 - 59.6000 T ££19 - 35.0000

13001 - 2.5313 T 13002 - 2.5313 7 13003 - 2.5313

13007 - 2.5313 T 1300E - 2.5313 7 33009 - 2.5335

_3013 - 2.5313 T 13014 - 2.5313 T 13015 - 2.5313

13019 - 2.5313 T 13020 - 2.5313 T 13021 - 2.5313

1302_ - 2.5313 T 13026 - 2.53]3 T 13027 - 2.5313

13031 - 2.5313 T 13032 - 2.5313 T 13033 - 2.5313

13037 - 2.5313 T 1£001 - 1574.6343 T 16002 - 2494.6931
]6006 - 0.0000 T 16007 - 0,000C T )6001 - 0,0000

]6012 - 0.0000 T 16013 - 0.000C T 16014 - 27|.5079

]6C28 - 0.0000 T 16019 - 0.0000 T ]6020 - 0.0000

]6024 - 127.3920 T 16025 - 0.0000 7 ]6026 - 0.0000

]6030 - 0,0000 T 16031 - 0.0000 T 16032 - 0.0000

]603£ - 0.0000 T 16037 - 0,0000 T 101 - 3.1126
i£033 - 0,0000 T 16034 - 0.0000 T ]6035 - 484.7318

102 - 4.6943 T 103 - 5.2012 T 104 - 5,5975 T ]05 - 9.9661 T ]0£ - 9.0174 T ]07 - 1.645]

101 - 10.4300 T 109 - 10.095] T 110 - 10.9553 T 111 - 9.3115 T 112 - 9.3455 T 113 - 7.6067

114 - 1.0214 T 115 - 7.3571 T 116 - 7.7296 7 117 - 7.0690 T 111 - 12.6081T 119 - 10.6450

120 - 1.1013 T 121 - 1.4015 T 122 - 13.2871T 123 - 11.8770 T 124 - 7.9692 T 125 - ]3.9713

126 - 16.1657 T 127 - 12,009] T ]21 - 12.]012 T 129 - 17.1119 T 130 - 17.1953 T 13] - 15,7909

132 - 17.7233 T 135 - 8.4914 T 134 - 8.0552 T 135 - 4.7926 T 136 " 7.4623 T 137 " 21.9352

151 - 0.2412 T 152 - 0.3056 T 153 - 0.3386 T 154 - 0.3644 T 155 " 0,64£8 T 156 " C,5916

157 - 0.5628 T 151 - 0.6790 T 159 " 0.6572 T 160 " 0.7132 T 161 " 0.6112 T 162 " 0.£014

" 163 - 0.4952 T 164 - 0.5222 T 165 - 0.479_ T ]66 - 0.5032 T 167 - 0.4602 T 161 - 0.1201

169 - 0.6930 T 170 - 0.5274 T 17] - 0.5474 T 172 - 0.1650 T 173 " 0,7732 T 174 " 0,51£|

" 175 - 0.9100 T 176 - ].0524 T 177 - 0.7818 T ]71 - 0.7171 T ]79 - 1,1140 T ]£0 " 1.1£50

181 - 1.0280 T 112 - 1.1538 T 113 - 0.5528 T 114 - 0.5244 T 185 - 0.3120 T 186 - 0.4051
11_ - 1.4210 T 201 - 0.0006 T 202 - 0.0010 T 203 - 0.0001 T 204 - 0.0004 T 205 - 0.0000

206 - 0.0000 T 20_ - 0.0000 T 208 - 0.0000 T 209 - 0.0000 T 210 - 0.0000 T 2]] - 0.0000

212 - 0.0000 T 213 - 0.0000 T 214 - 0.000_ T 215 - 0.0001 T 2]£ - 0.0000 T 2]7 - 0,0000

218 - 0.0000 T 219 - 0,0000 T 220 - 0.0000 T 221 - 0.0002 T 222 - 0.0000 T 223 - 0.0000

224 - 0.0001T 225 - 0.0000 T 226 - 0,0000 T 227 - 0.0000 T 221 - 0.0000 T 229 - 0.0000

230 - 0.O00C T 23] - 0.0000 T 232 - 0.0000 7 233 - 0.0000 T 236 - 0.0000 T 235 - 0.0003

236 - O.O00C T 237 - 0.0000 T 401 - 0.0000 T 402 - 0,0000 T 403 - 0.0000 T 404 - 0.0000

405 - 0.0000 T 406 - 0,0000 T 407 - O.O00C 7 408 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

411 - 0.0000 T 412 - 0.0000 T 413 - C,000C T 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

417 - 0.0000 T 411 - 0,0000 T 419 - 0,0000 T 420 - 0.0000 T 421 - 0.0000 T 422 - 0.0000

423 - 0.0000 T 424 - 0.0000 T 425 - 0.0000 T 426 - 0.0000 T 427 - 0.0000 T 421 - 0.0000

429 - 0.0000 T 430 - 0,0000 T 431 - 0.000C 7 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000
435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T 701 - C.0197 T 702 - 0.0316 T ?03 - 0.0258

704 - 0.0128 T 705 - -0.0176 T 706 - 0,003_ T 707 - -0.0009 T 701 - -0.015£ T 709 - -0.0171

71_ - -0.0045 T 711 - 0,0013 T 712 - -0,00£8 T 713 - -0,006£ T 714 - 0.0063 T 715 - 0.0065

716 - -0.0024 T 717 - -0.04£2 T 718 - -0.0776 T 719 - -0.0639 T 720 - -0.0511 T 721 - 0.0096

722 - -0.012_ 7 723 - -0.0049 T 724 - 0.0082 T 725 - -0,0175 T 726 - -0.0278 T 727 - -0.0129

728 - -0.0111T 729 1 -0.0749 T 730 - -0.0748 T 731 - -0.0667 T 732 - -0.0744 T 733 - -0,0093
734 - -0.0116 T 735 - 0,0110 T 736 - -0,0100 7 737 - -0.1816 T 101 - 0.0194 T 102 - 0.0335

£03 - 0,0255 T 104 - 0.0125 T 105 - 0.0000 T 806 - 0.0020 T 107 - 0.0000 T 108 - 0.000D

109 - 0.0000 7 I1G - 0.0000 T 111 - 0.0006 T 112 - 0.0000 T 113 - 0.0000 T 114 - 0.0110

815 - 0.0077 T 116 - 0.0000 T 117 - 0.o000 T 118 - 0.0000 T 119 - 0.0000 T £20 - 0.0000

1(_) COPYRIGHT 19|2,1983,19|4,1985,1986,1917 J.D.GA_K; 51NDAII989/AN5] 1.31 NETWORK ANALYSIS ASSOCIATES. INC. - PAGE 18

ST$ 36 PRE-LAUNCH SURFACE Eb"41RONP_NT MODEL [A-,B)
T 121 - 0.0093 7 122 - 0.0000 T 123 - 0.0000 T 124 - 0.0010 T 825 - 0.0000 T 82£ - 0.0000

T 127 - 0.0000 T 121 - 0.0000 T 829 - 0,0000 T 130 - 0.0000 T 131 - 0.0000 T 832 - 0.0000

T 133 - 0.0000 T 134 - 0.0000 T 135 - 0.0307 T 136 - 0.0000 T 137 - 0.0000 T 901 - 38.0159

7 902 - 65.5665 T 903 - 49.9203 T 904 - 24.4301 T 905 - 0.0000 T 906 - 3.|9|1 T 907 - 0.0000

T 901 - 0.0000 T 909 - 0.0000 T 910 - 0.000C T 911 - 1.0790 T 912 - 0.0000 T 913 - 0.0000

T 914 - 21.4911 T 915 - 15.1112 T 916 - C.O000 T 917 - 0.0000 T 911 - 0.0000 T _19 - 0.0000

T 920 - 0.0000 T 921 - 7.1630 T 922 - 0.0000 T 923 - 0.0000 T 924 - 6.1112 T 925 - 0.0000

T 926 - 0.0000 T 927 - 0.0000 T 921 - 0.000C T 929 - 0.0000 T 930 - 0.0000 T 931 - 0.0000

T 932 - 0,0000 T 933 - 0.0000 T 934 - 0.0000 T 935 - 11,13£2 T 936 - 0.0000 T 93_ - 0.0000

T:HE- 1.95000E+01, DTIHEU- 2.500001-03, CSGMINI 2]0373- 1.115511-05. ATHPCC( 03- 0.00000E+00. DTN_CC( 10273- 6.815411-02

LOOPCT- 2 , ARI..XCC( 0)- 0,00000E+00, DRLXCC( 12079)--1.41273E-03

7 1001 - 23.6295 T I002 - 11,3718 T 1003 - 19.4274 T 1004 - 22.9533 T 1005 - 33.4163 T 1006 - 25.6541

T 1007 - 29.3265 T 1001 - 32.9941 T 1009 - 33.5357 T i010 - 30.9781 T I011 - 21.1961 T 1012 - 30.9403

T 1013 - 31.7733 T 1014 - 28.3277 T 1015 - 27.7231 T 1016 - 30,1422 T 1017 - 42.1841 T 1011 - 49,1170

T 1019 - 46.5800 T 1020 - 47.3931T 1021 - 25.1000 T 1022 - 32.9313 T 1023 - 3].4161T 1024 - 27.6712

T 1025 - 33.2016 T 1026 - 35.3473 T 1027 - 31.1704 T 1028 - 32.3377 T 1029 - 4].3446 T 1030 - 41.2335

T 3031 - 39,|722 T 1032 - 41.2460 T 1033 - 30.7848 T 1034 - 31,5641 T 1035 - 25.3680 T 1036 - 32.0951

T 1037 - 51.7927 T 2001 - -11.2915 T 3001 - -91.6114 T 4001 - -192.2074 T 5001 - -331.5919 T 2002 - -16.2421

T 3002 - -95.9431 T 4002 - -195.2811 T 5002 - -332.|969 T 2003 - -15.2540 T 3003 - -95.1247 T 4003 - -194.6736

T 5003 - -332.636£ T 2004 - -11.9219 T 3004 - -92.2350 T 4004 - -192.6036 T 5004 - -331.759£ T 2005 " -2.0581

T 3005 - -13.6535 T 4005 - -116.4501 T 5005 - -329,1406 T 2006 - -£.5511T 3006 - -£7.5591 T 4006 - -119.2509

T 500£ - -330.3212 T 2007 - -5.9173 T 3007 - -17.001£ T 4007 - -111.9561T 5007 - -330.1621T 2001 - -2.4516

T 3008 - -14.0029 T 4001 - -116,7020 T 5008 - -329.2470 T 2009 - -i._455 T 3009 - -£3.5543 T 4009 - -116,3794

T 5009 - -329.1109 T 2010 - -4.3595 T 3010 - -15.6553 T 4010 - -117.£160 T 5010 - -329.7412 T 2011 - -£.3220

T 3011 - -17.3597 T 4011 - -119.1073 T 5011 - -330.2614 T 2012 - -4.3943 T 3012 - -15.6£37 T 4012 - -117.9061

T 5012 - -329.7595 T 2013 - -3.6121T 3013 - -15.0014 T 4013 - -117.4249 T 5013 - -329.5563 T 2014 " -6.1602

T 30]4 - -17.1293 T 4014 - -]19.4447 T 5014 " -330.4116 T 2015 - -7.4294 T 3015 " -11.3237 T 4015 - -199.7992

T 5015 - -330.5635 T 2016 - -5.1412 T 3016 - -86.3406 T 401£ - -111.3771 T 501£ - -329,9603 T 2017 - 44,4191

T 3017 - 47.4696 T 4017 - 50.4961T $01_ - 53.5016 T 2019 - 49.9273 T 3011 - 51.3915 T 4011 - 52.£416

5011 - 54.2£15 T 2019 - 47.6474 T 3019 - 49.?659 T 4019 - 51.1612 T 5019 - 53.9576 T 2020 - 4£.3613

3020 - 50.2?77 T 4020 - 52.1751 T 5020 - 54.0602 T 2021 " -3.2162 T 3021 - -61.1014 T 4021 - -146.6735

5021 - -242.1003 T 2022 " 3.4470 T 3022 - -62.4900 T 4022 - -]42.7941T 5022 - -240.61£9 T 2023 - 2.0310

3023 " -63.6131T 4023 " -143.6194 T 5023 - -240.9327 T 2024 - -1.4610 T 3024 * -66.6291 T 4024 - -145,6567

5024 - -241.7119 T 2025 - 3,6991 T 3025 - -62.2713 T 4025 - -142.6413 T 5025 - -240.5615 T 2026 - 5,7047

3026 - -60.5177 T 4026 - -141.4713 T 5026 - -240.1139 T 2027 - 2.4315 T 3027 - -63.3521 T 4027 - -143.3929

5027 - -240.1472 T 2021 " 2.1911 T 3021 - -62,9516 T 4021 - -143.1190 T 5021 - -240.741£ T 2029 - 11.2947

3029 - -55.9237 T 4029 - -131.0036 T S029 - -231.1172 T 2030 - 11.1|65 T 3030 - -56,0233 T 4030 - -131.1649

5030 - -231,£500 T 2031 - 9.9216 T 3031 " -57.0696 T 4031 - -13£.9365 T 5031 - -239.145£ T 2032 " 11.1971

3032 - -56.0141T 4032 - -131.1511T 5032 - -231.9475 T 2033 - -5.0252 T 3033 - -15.1523 T 4033 - -114.9691

5033 - -32?.2595 T 2034 - -4.2£49 T 3034 - -£5,2390 T 4034 - -]14.5112 T 5034 - -327.D£59 T 2035 - -]0.167]

3035 - -90.111£ T 4035 - -111.1076 T 5035 - -321.6109 T 2036 - -3.7136 T 303£ - -14.1263 T 4036 - -I£4.2157

5036 - -326.9364 T 2037 - 55.4611T 3037 - 62.6959 T 4037 - 69.?347 T 5037 - 76.6015 T 21001 - -422.9158

21002 " -422.9114 T 21003 " -422.9123 T 21005 - -422.9146 T 21006 - -422.9£00 T 21007 - -422.9£20 T 21009 - -422.9£54

21010 - -422.9101 T 21011 - -422.9115 T 21013 " -422.9148 T 21014 - -422.9£01 T 21015 - -422.9119 T 21004 - -422.9£51

21008 - -422.9137 T 21012 - -422.9139 T 21016 - -422.983£ T 21017 - $4.9997 T 21011 - 54.9991 T 21019 - 54.9997

" 21020 - 54.9991 T 21021 - -296.9910 T 21022 - -296.9908 T 21023 - -296.9909 T 21024 - -296.9911T 21025 - -296.991]
21026 - -296.9913 T 21027 - -296.9916 T 21021 - -296.9912 T 21029 - -296,9970 T 21030 - -296.996£ T 21031 " -296.9968

" 21032 - -296.99£7 T 21033 - -422.9154 T 21034 - -422.9163 T 21035 - -422,9£62 T 21036 - -422.9166 T 21037 - 79.9991

12001 - 49.556£ T 12002 - 49.425? T 12003 - 47.£107 T 12004 - 49.5491T 12041 - 47.5271 T 12042 - 41.2155
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T 12043 - 44.1125 T 12044 - 44,4706 T 12045 - 49.1913 T 12046 - 49.7499 T 12047 - 49.7495 T 12048 - 52.0625

T 12085 - 46.9197 T 12066 - 49,4999 T 12087 - 46.1179 T 12088 - 47.$016 T 12005 - 51.8660 T 12012 - 54.9352

T 12019 - 50.9127 T 12026 - 51.4782 T 12006 - 51,8483 T 12013 - 52.4755 T 12020 - 50.804? T 12027 - 51.6501

T 12007 - 51.2999 T 12014 - 51.1960 T 12021 - S0.5891 T 12028 - 51.3627 T 12006 - 50.6?62 T 12015 - 50.9269

T 12022 - 50,5536 T 12029 - 50.9698 T 12009 - 51.1948 ? 12016 - 51.1516 T 12023 - 50.4512 T 12030 - 50,5197
1(C) COPYRIGHT 1982,1983,1914.1985.1986,1987 J.D.GASRI SINDA/198?/ANSI 1.31 )/ETNORK ANALYSIS ASSOCIATES, INC. - PAGE i9

ST5 36 PRE-LAU%CH SURFACE EN%rIRONI_NT MOOEL (A-.8)

T 12010 - 51.4496 T 12017 - 51.1969 T 12024 - 50,2361 T 12031 - 49.5841T 12011 - 52.2?59 T 12018 - 51,2421

T 12025 - 49.2543 T 12032 - 49.635? T 12033 - 52.8354 T 12034 - 52.0395 T 12035 - 51,9907 T 12036 - 52.2383

T 12037 - 49.9360 T 12038 - 50.1939 T 12039 - 49.4161 T 12040 - 69.6193 T 22001 - 52.9046 T 22002 - 53.0479

T 22003 - 52.560? T 22004 - 52.1461 T 22041 - 52.1106 T 22042 - 52.$675 T 22043 - 46.0?69 T 22044 - 49.0419

T 12049 - 51.7447 T 12056 - 52.5629 T 12063 - 51.4375 T 12070 - 55,4955 T 12050 - 51.7411T 12057 - 52.7592

T 12064 - 51.3563 T 12071 - 53.8091T 12051 - 51.6013 T 12050 - 52.7244 T 12065 - 51.1933 T 12072 - 52.9924

T 12052 - 51.7262 T 12059 - 52.7214 T 12066 - 51.1865 T 12073 - 52.6235 T 12053 - 52.4390 T 12060 - 52,7712

T 12067 - 51.1748 T 12074 - 52,5379 T 12054 - 53.2901T 12061 - 52.562? T 12061 - 51.3886 T 12075 - 52.85?9

T 12055 - 54.1248 T 12062 - 52.2913 T 12069 - 51.5905 T 12076 - 53.266? T 12077 - 53.82?6 T 12074 - 52.3611

T 12079 - 51.9959 T 12080 - 52,3947 T 12001 - 51.2214 T 12082 - 50.8502 T 12013 - 52.0?42 T 12014 - 51.5795

T 22045 - 53,1593 T 22046 - 53.9?49 T 2204? - 54.3446 T 22041 - 56.0113 T 22085 - 52.3403 T 22086 - 53,9543

T 2208? - 50.8593 T 22088 - 51.9096 T 22005 - 51.1784 T 22006 - 51.1608 T 22007 - 51.3126 T 22008 - 50.6892

T 22009 - 51,20?5 T 22010 - 51.4620 T 22011 - 52.28?9 T 22012 - 54.9438 T 22013 - 52.48?6 T 22014 - 51.2044

T 22015 - 50.9398 T 22016 - 51.1644 T 22017 - 51.2097 T 22011 - 51.2556 T 22019 - 50.9259 T 22020 - 50.0110

T 22021 - 50.6025 T 22022 - 50.56?0 T 22023 - 30.4716 T 22024 - 50.2496 T 22025 - 49.2683 T 22026 - 51.4909

T 2202? - 51.6633 T 22024 - 51.3754 T 22029 - 50.9826 ? 22030 - 50.6029 T 22031 - 49.5981 T 22032 - 49,6495

T 22049 - 51.7573 T 22050 - 51.7537 T 22051 - 51,6140 T 22052 - 51.7306 T 22053 - 52.4512 T 22054 - 53.3091

T 22055 - 54.1361T 22056 - 52.5?50 T 2205? - 52,7712 T 22058 - 52.7365 T 22059 - 52.7335 T 22060 - 52,7833

T 22061 - 52.5?50 T 22062 - 52.3038 T 22063 - 51,4504 T 22064 - 51.3693 T 22065 - 51.2064 T 22066 - 51.1995
T 2206? - 51.1879 T 22066 - 51.4016 T 22069 - 51.6034 T 220?0 - 55.5056 T 22071 - 53,8205 T 220?2 - 53.0043

T 22073 - 52.635? T 220?4 - 52.5501T 220?5 - 52.8699 T 220?6 - 53.2785 T 22033 - 52,8475 T 22034 - 52.0522

T 22035 - 52.0032 T 22036 - 52.2508 T 2203? - 49.9498 T 22036 - 50.20?5 T 22039 - 49.4320 T 22040 - 49.6331

T 220?? - 53.8392 T 220?8 - 52.3936 T 220?9 - 52.0066 T 22080 - 52.4071 T 22081 - 51.2346 T 22082 - 50.8635

T 22083 - 52.086? T 22084 - $1.5922 T 31005 - ?0.30?4 T 31006 - ?0.29?? T 31007 - 70.2614 T 31008 - 70.1822

T 31009 - ?0.2254 T 31010 -- 70.2109 T 31011 - 70.2810 T 31012 - ?0.4382 T 31013 - ?0.3068 T 31014 - ?0.2428

T 31015 - ?0.2354 T 31016 - 70.2571T 31017 - 70.2615 T 31018 - ?0.2536 T 31019 - 70.3133 T 31020 - ?0.3049

T 31021 - ?0.2926 T 31022 - ?0.263? T 31023 - 70.2761T 31024 - ?0.2556 T 31025 - 70,I750 T 31026 - ?0.2737

T 31027 - 70.2771 T 31028 - ?0.2455 T 31029 - ?0.2046 T 31030 - ?0.2426 T 31031 - ?0.2380 T 31032 - ?0.20?7

T 31033 - ?0.3898 T 31034 - 70.3?65 T 31035 - 70.34?? T 31036 - ?0.3644 T 31037 - 70.2545 T 31038 - 70.2611

T 31039 - 70.1713 T 31040 - 70.1685 T 31049 - 70.3160 T 31050 - 70.3105 T 31051 - 70.3143 T 31052 - 70.3240

T 31053 - 70,3752 T 31054 - ?0.4002 T 31055 - 70.4548 T 31056 - 70.4031T 31057 - 70.4121 T 31058 - 70,4131

T 31059 - 70.4156 T 31060 - 70.4200 T 31061 - 70.4206 T 31062 - 70.4174 T 31063 - 70.3415 T 31064 - 70.3351

T 31065 - 70.3314 T 31066 - ?0.3333 T 31067 - 70.3429 T 31068 - 70.3525 T 31069 - 70.3626 T 31070 - 70.5153

T 31071 - ?0.4405 T 31072 - 70.4122 T 31073 - ?0.4056 T 31074 - 70.4017 T 31075 - 70.4130 T 31076 - 70.4277

T 31077 - ?0.4629 T 31078 - 70.4085 T 31079 - ?0.4009 T 31010 - 70.4119 T 31081 - ?0.3440 T 31062 - 70.3035

T 31043 - 70.34?6 T 31084 - 70.3046 T 32005 - 70.9660 T 32006 - 70.94?8 T 32007 - 70.9871T 32008 - 70.9853

T 32009 - ?0.9862 T 32010 - 70.9658 T 32011 - 70.98?3 T 32012 - 70.9904 T 32013 - 70.98?9 T 32014 - 70.9866

T 32015 - 70.9865 T 32016 - 70.9870 T 32017 - 70.9871T 32018 - 70.9869 T 32019 - ?0.9885 T 32020 - 70.9813

T 32021 - 70.9880 T 32022 - ?0.98?8 T 32023 - 70.987? T 32024 - 70.9872 T 32025 - 70.9156 T 32026 - 70.9473

T 32027 - 70.9873 T 32028 - 70,9666 T 32029 - 70.9857 T 32030 - 70,9668 T 32031 - 70,9870 T 32032 - 70.9163
T 32033 - 70.9899 T 32034 - 70.9897 T 32035 - ?0.9890 T 32036 - 70.9893 T 32037 - ?0.98?3 T 32038 - 70.9174

T 32039 - 70._855 T 32040 - 70.9858 T 32049 - 70.9882 T 32050 - 70.9681T 32051 - 70.9883 T 32052 - 70.9186

T 32053 - 70.9895 T 32054 - 70.9901 T 32055 - 70.9910 T 32056 - 70.9901 T 3205? - 70.9903 T 32051 - 70.9903

T 32059 - ?0.9904 T 32060 - ?0.990? T 32061 - ?0.9906 T 32062 - ?0.9906 T 32063 - ?0.9690 T 32064 - 70.9889

T 32065 - 70.9888 T 32066 - 70.9669 T 32067 - 70.9191T 32061 - 70.9693 T 32069 - ?0.9695 T 320?0 - 70.9921

T 32071 - ?0,9907 T 32072 - 70.9903 T 320?3 - 70.9902 T 320?4 - 70.9901T 320?5 - 70.9903 T 320?6 - 70.9906

T 320?? - 70.9913 T 320?6 - 70.9%04 T 32079 - 70.9903 T 32080 - 70.9904 T 32081 - 70.9891T 32082 - 70.9843

T 32083 - ?0.9890 T 32084 - 70.9681T 33005 - 70.9999 T 33006 - ?0.9999 T 33007 - 70.9998 T 33008 - 70_9995

T 33009 - ?0.9998 T 33010 - 70.9991 T 33011 - 70.9996 T 33012 i 70.9%%9 T 33013 " 70.9999 T 33014 " 70.9991

T 33015 " ?0.99%8 T 33016 " ?0.9998 T 33017 " 70.9998 T 33018 " 70.9996 T 33019 " 70.9999 T 33020 " 70.9999

T 33021 " 70.9999 T 33022 " ?0.9999 T 33023 " 70.9999 T 33024 " 70.9998 T 33025 " 70.9998 T 33026 " 70.9991

T 33027 " ?0.9998 T 33021 " 70.9981 T 33029 " ?0,9998 T 33030 " 70.9996 T 33031 " 70.9994 T 33032 " 70.9991

T 33033 " ?0.9999 T 33034 " 70.9999 T 33035 " 70.9999 T 33036 " 70.9999 T 3303? " 70.9998 T 33038 " 70.9999

T 33039 " ?0.9998 T 33040 " 70.9998 T 33049 " 70.9999 T 33050 " 70.9999 T 33051 " 70.9999 T 33052 " 70.9999

T 33053 " ?0.9999 T 33054 " 70.9999 T 33055 " 70.99%9 T 33056 " 70.9999 T 33057 " ?0.9999 T 33059 " ?0.9999

T 33059 " 70.9999 T 33060 " 70.99%9 T 33061 " 70.9999 T 33062 " 70.9999 T 33063 " 70,9999 T 33064 " 70,9999

T 33065 " 70.9999 T 33066 " 70.9999 T 33067 " 70.9999 T 33068 " 70.9999 T 33069 " 70.9999 T 33070 " ?0.9999

I(CI COPYRIGHT 1962.1983,1984.1915,198&,1967 J.D.GASKI SINDA/190?/ANSI 1.31 NETMORK AHALYSIS AsSOCIATES, INC. - PAGE 20

STS 36 PRE-LAUNCH SURFACE F.NVIRON_NT NOOEL (A-,l)

T 33071 - 70.9999 T 330?2 - 70.9999 T 33073 - 70.9999 T 33074 - ?0.9999 T 33075 - 70,9999 T 330?6 - 70.9999
T 330?? - 70.9999 T 33071 - ?0.9999 T 330?9 - 70.9999 T 33080 - ?0.9999 T 33041 - 70.9999 T 33082 - ?0.9999

T 33063 - 70.99%9 T 33064 - ?0.9999 T 34005 - 71.0000 T 34006 - 71.0000 T 3400? - 71.0000 T 34004 - 71.0000

T 34009 - 71.0000 T 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000 T 34013 - 71.0000 T 34014 - 71.0000

T 34015 - 71.0000 T 34016 - 71.0000 T 34017 - 71.0000 T 34010 - ?i.0000 T 34019 - 71.0000 T 34020 - 71.0000

T 34021 - 71.0000 T 34022 - 71.0000 T 34023 - 71.0000 T 34024 - 71.0000 T 34025 - 71.0000 T 34026 - 71.0000

T 34027 - 71.0000 T 34026 - 71.0000 T 34029 - 71.0000 T 34030 - 71.0000 T 34031 - 71.0000 T 34032 - 71.0000

T 34033 - 71.0000 T 34034 - 71.0000 T 34035 - 71.0000 T 34036 - 71.0000 T 3403? - 71.0000 T 34038 - 71.0000

T 34039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34050 - 71.0000 T 34051 - 71.0000 T 38052 - 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 34056 - 71.0000 T 3405? - 71.0000 T 34050 - 71.0000

T 34059 - 71.0000 T 34060 - 71.0000 T 34061 - ?I.0000 T 34062 - 71.0000 T 34063 - 71.0000 T 34064 - 71.0000

T 34065 - 71,0000 T 34066 - 71.0000 T 3406? - 71,0000 T 34068 - 71.0000 T 34069 - ?I,0000 T 34070 - 71.0000

T 34071 - 71.0000 T 340?2 - 71.0000 T 34073 - 71.0000 T 34074 - 71.0000 T 340?5 - 71.0000 T 340?6 - 71.0000

T 34077 - 71.0000 T 34071 - 71.0000 T 340?9 - 71,0000 T 34080 - 71.0000 T 34081 - 71.0000 T 34082 - 71.0000

T 34043 - 71.0000 T 34004 - 71.0000 T 42006 - 92,526? T 42013 - 92.0835 T 42020 - 93.9008 T 4202? - 91,1629

T 42008 - 90.1797 T 42015 - 92.2759 T 42022 - 93.8933 T 42029 - 90,1551 T 42010 - 93.1832 T 42017 - 94.1215

T 42024 - 93.2013 T 42031 - 93.6283 T 42050 - 90.2095 T 42057 - 93.3436 T 42064 - 92.1909 T 42071 - 94.3077

T 42052 - 91.8067 T 42059 - 93.8903 T 42066 - 92.5041T 420?3 - 94.1360 T 42054 - 94.1197 T 42061 - 93.8389

T 42068 - 92.953? T 420?5 - 94.2539 T 43006 - 62.?940 T 43013 - 61.9183 T 43020 - 64.5334 T 4302? - 61.5235

T 43008 - 59.5022 T 43015 - 61.5696 T 43022 - 63.9702 T 43029 - 60.6012 T 43010 - 61.1454 T 43017 - 62.3531

T 43024 - 61.9065 T 43031 - 62.2933 T 43050 - 68.0862 T 4305? - ??.6329 T 43064 - 65.8349 T 43071 - 67.6443
T 43052 - 69.7021 T 43059 - ?8.0436 T 43066 - 66.1453 T 43073 - 6?.4802 T 43054 - 72.1530 T 43061 - 78.4665

T 43064 - 66.8449 T 430?5 - 67.7212 T 6000 - 39.2420 T 8005 - 41.0862 T 4010 - 40.5207 T 8011 - 43.479?

T 1015 - 39.3051 T 0016 - 42.2931 T 8020 - 40.9403 T 8025 - 40.3049 T 1030 - 42.0146 T 1035 - 49.5310

T 6000 - 35.0733 T 6010 - 35.2426 T 6020 - 35.1914 T 6030 - 35.1807 T 6040 - 35,0633 T 6050 - 35.0943

T 6060 - 35.0524 T 6070 - 34.9062 T 6080 - 34.1390 T 6090 - 34.6061 T 6001 - 35.4046 T 6011 - 35.3660

T 6021 - 35.2886 T 6031 - 35.1034 T 6041 - 35.1503 T 6051 - 35.1255 T 6061 - 35.0803 T 6071 - 35.0593

T 6001 - 35.0494 T 6091 - 34.1592 T 500 - 35,594? T 501 - 35.3357 T 502 - 36.0866 T 503 - 35.7349

T 9000 - 30.3165 T 9001 - 30,3202 T 9002 - 30.3201T 9003 - 30.3171 T 40 - 53.2000 T 9999 -- 29.9084

T 7000 - -423.0000 T 7001 - -297.0000 T 7002 - 55.0000 T 7003 - 80.0000 T 8866 - 55.2000 T 8009 - 56.0000

T 8890 - 0.0000 T 6891 - 210.0000 T 4192 - 6.0000 T 13001 - 0.0000 T 13002 - 0.0000 T 13003 - 0.0000

T 13004 - 0.0000 T 13005 - 0.0000 T 13006 - 0.0000 T 13007 - 0.0000 T 13000 - 0.0000 T 13009 - 0.0000

T 13010 - 0.0000 T 13011 - 0,0000 T 13012 - 0.0000 T 13013 - 0.0000 T 13014 - 0.0000 T 13015 - 0.O000

T 13016 - 0,0000 T 13017 - 0.0000 T 13014 - 0.0000 T 13019 - 0.0000 T 13020 - 0.0000 T 13021 - 0.0000

T 13022 - 0.0000 T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000

T 13021 - 0,0000 T 13029 - 0.0000 T 13030 - 0.0000 T 13031 - 0.0000 T 13032 - 0.0000 T 13033 - 0.0000

T 13034 - 0.0000 T 13035 - 0.0000 T 13036 - 0 0000 T 13037 - 0.0000 T 16001 - 3470.2220 T 16002 - 4481.0972

T 16003 - 4249.0796 T 16004 - 3607.4140 T 16005 - 2325.:479 T 16006 - 4316.1128 T 16007 - 3834.3579 T 16004 - 2634.1555

T 16009 - 22?4.7323 T 16010 - 4086.8299 T 16011 - 4228 9308 T 16012 - 3455,9369 T 16013 - 2816.0566 T 16014 - 4173.936:

T 16015 - 3963.0392 T 16016 - 3325.3108 T 16017 - _ _:_ T :6018 - 0.0000 T 16019 - 0.0000 T 16020 - 0.00:1
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T 16021 - 1916.1211 T 16022 - 1439.4100

T 16027 - 2612.3635 T 16021 - 2611.3471

T 16033 - 1646.1547 T 16034 - 1446.5317

T 102 - 2.3294 T 103 - 2.7346

T 108 - 7.0196 T 109 - 6.6845

T 114 - 5.6717 T 115 - 5.0640

T 120 - 5.4691 T 121 - 4.9627

T 126 - 11.1401 T 127 - 7.3934

T 132 - 12,1556 T 133 - 4,1614

T 151 - 0.1600 T 152 - 0.2300
T 157 - 0.5600 T 150 - 0,7000

T 163 - 0.5400 T 164 - 0.5600 T

T 169 - 0,7000 T 170 - 0.5400 T

T 175 - 0,9100 T 176 - 1.1000 T

T 111 - 1.0000 T 142 - 1.2000 T

T 107 - 1,4000 T 201 - 0.0013 T

T 206 - 0.0017 T 207 - 0.0015 T

l(C) COPYRIGHT 1902,1913,1904,1915.1916,1917

STS 36 PRE-LA_MCH SURFACE ENVI_ON_

T 212 - 0.0013 T 213 - 0.0011
T 210 - 0.0000 T 219 - 0.0000

T 224 - 0.0016 T 225 - 0.0014

T 230 - 0.0000 T 231 - 0.0000

T 236 - 0.0010 T 237 - 0.0000

T 405 -- 0.0000 T 406 - 0.0000

T 411 - 0.0000 T 412 - 0.0000

T 417 - 0.0000 T 410 - 0.0000

T 423 - 0.0000 T 424 - 0.0000

T 429 - 0.0000 T 430 - 0.0000

T 435 - 0.0000 T 436 - 0.0000

T 704 - 0.0259 T 705 - -0.0044

." 710 - 0.0016 T 711 " 0.0145
T 716 - 0.0002 T 717 - -0,0322

T 722 - 0.0012 T 723 - 0.0016

T 720 " 0.0027 T 729 - -0.0522

T 734 - 0.0033 T 735 " 0.0'!18

T 403 " 0.0644 T 104 - 0,0314

T 609 - 0.0000 T 110 - 0.0079

T 415 - 0.0237 T 016 - 0.0077

T 821 - 0.0334 T 622 - 0.0011

T 127 - 0.0049 T 421 - 0.0027

T 133 - 0.0056 T 434 - 0.0026
T 902 -- 141,6483 T 903 - 125.9996

T 908 - 0.0000 T 909 - 0.0000

T 914 - 51.7740 T 915 " 46.4255

T 920 - 0,0000 T 921 " 20.2177

T 926 - 0.0000 T 927 - 7.5652

T 932 - 0,0000 T 933 - 6.2271

T 16023 - 1100.1141

T 16029 - 0,0000 16031 -

T 16035 - 1765.3471 16037 -

T 104 - 3.0344 106 -
T 110 - 7.3934 112 -

T 116 * 5.2666 4.0512 T 110 -

T 122 - 9.1152 !.0011 T 124 -

T 120 - 1.3050 11.1401 T 130 -

T 134 - 4.6519 2.0256 T 136 -

T 153 - 0.2700 0.3000 T 155 -

T 159 - 0,6600 0.7300 T 161 -

165 - 0.5000 0.5200 T 167 -

171 - 0.4900 0.9000 T 173 -

177 - 0.7300 0.4200 T 179 -

113 - 0.4100 0,4600 T 115 "

202 " 0.0017 0.0016 T 204 "

201 * 0.0011 T 209 - 0.0010 T 210 - 0.0016 T 211 -

J.D.GASKI SINDA/1947/ANSI 1.31NZTMORK ANALYSIS /_5OCIATE5, INC. - PAGE

T 16024 - 1111,4239 T 16025 - 2564.6433 T 16026 - 2055.2513

T 16030 - 0.0000 T 0.0000 T 16032 - 0.0000

T 16036 - 1256.3512 T 0.0000 T I01 - 1.6205
T 105 - 6.6045 T 6.0761 T 107 - 5.6717

T 111 - 6.0761 T 6.0764 T 113 - 5.4691

T 117 - 0.7101 T 119 - 7.0196

T 123 - 5.3670 T 125 - 9.2165

T 129 " 12.1536 T 131 - 10.1210

T 135 - 4.9627 T 137 - 14.1792

T 154 - 0.6600 T 156 - 0.6000

T 160 " 0.6000 T 162 " 0,6000

T 166 " 0.4000 T 161 " 0.$600

T 172 - 0.7900 T 174 - 0,5300

T 174 - 1.1000 T 110 - 1,2000

T 114 - 0.2000 T 116 - 0.4900

T 203 - 0,0014 T 205 - 0.0010
0.0016

21

MODEL (A-.11

T 214 - 0.0016

T 220 - 0.0000

T 226 - 0.0011

T 232 - 0.0000

T 401 - 0.0000

T 407 - 0.0000

T 413 - 0.0000
T 419 - 0.0000

T 425 - 0,0000

T 431 - 0.0000

T 437 - 0.0000

T 706 -- 0.0150

T 712 - 0.0063

T 711 - -0.0635

T 724 - 0.0119

T 730 - -0.0540

T 736 - 0.0007
T 105 - 0.000o

T 411 - 0.0144

7 §17 - 0.0000

T 123 - 0,0086

T 129 - 0.0000

T 035 - 0.0323

T 904 - 75.1397

T 910 - 15.3700

T 916 - 15.0356

T 922 - 0.1925

T 921 - 4.1850

T 934 - 2.9359

T 215 - 0.0015 T 216 - 0,0013 T 217 - 0.0000

T 221 - 0.0017 T 222 - 0.0014 T 223 - 0.0016
T 227 - 0.0014 T 221 - 0.0015 T 229 - 0.0000

T 233 - 0.0011T 234 - 0.0010 T 235 - 0.0012

T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000

T 400 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

T 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

T 420 - 0,0000 T 421 - 0,0000 T 422 - 0.0000

T 426 - 0.0000 T 427 - 0.0000 T 420 - 0,0000

T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

T 701 - 0.0259 T 702 - 0,0424 T 703 - 0.0311

T 707 - 0.0121 T 70g - -0.0023 T 709 - -0.0049

T 713 - 0.0022 T 714 - 0.0159 T 715 - 0.0164

T 719 - -0.0505 T 720 " -0.0474 T 721 - 0.0241

T 725 - -0.0006 T 726 - -0.0115 T 727 - 0.0049

T 731 - -0.0445 T 732 - -0.0543 T 733 - 0.0063

T 737 - -0.1440 T 101 - 0.0453 T 002 - 0.0760

T 406 - 0.0171 T 107 - 0.0114 T 100 - 0.0305

T 412 - 0.0057 T 613 - 0.0016 T 114 - 3.0265

T |11 - 0.0000 T 119 - 0.0000 T 120 - 0,93;C

T 024 m 0.0270 T 125 - 0.0000 T 126 - 305_C

T 130 - 0.0000 T 131 - 0.0000 T I32 " C.090_

T 136 - 0.0002 T 137 - 0.0000 T 901 - 086573
T 905 - 0.0000 T 906 - 33.3691 T 907 - 22294_

T 911 - 21.2191 T 912 - 11.1415 T 513 - 3,1651

T 917 - 0.0000 T 911 " 0,0000 T 919 1 C_:CC

T 923 " 7.2814 T 924 - 22.1591T 925 - 03C_:

T 929 - 0,0000 T 930 - 0.0000 T 931 - C:_::

T 935 - 35.1620 T 936 - 0.2192 T 537 - 0_c:

*****,,,**,,,,,=,

TIP_- 2.050006+01. DTIHEU- 2.500006-03, CSGHIN( 21037)- 1.115516-05, ATMPCC(

LOOPCT- 1

T i001 - 22.3401 T 1002 - 17,8290 T 1003 -

T 1007 - 30.6699 T 1001 - 33,7051 T 1009 -

T 1013 - 31.9867 T 1014 - 29.2946 T 1015 -

T 1019 - 45.6907 T

10262, I005, 12077. 0.350596-0|$

10263, 1005o 12011. 0.231006-000

10264, I005, 12043, 0.I16356-070

- 10265, I005, 50

T 3002 - -96.4341T 4002 - -195.6114
T 5003 - -332.3121 T 2004 - -9,6353

T 3005 - -43.0435 T 4005 - -186,0151

T 5006 - -329.9914 T 2007 - -4.6525

T 3001 - -13.4240 T 4008 - -I$6,2104

T 5009 - -32|.$132 T 2010 - -3.4245

T 3011 - -05.9161 T 4011 - -184.1246

T 5012 - -329.5092 T 2013 " -3.4115

T 3014 - -07.0392 T 4014 - -104.1792

T 5015 - -330.2760 T 2016 - -4.2519

T 3017 - 47.3313 T 4017 - 50.4131
T 5010 - 54.1269 T 2019 - 46.0604

T 3020 " 49.6019 T 4020 - 51.7747
T 5021 - -241.5557 T 2022 " 4.2151

0)- 0.000006+00, DT_PCC( 2010)--1,6523_;

• ._LXCC[ 01- 0.00000E+00. DRLXCC( 2010)--I,6523 _:

20.7261 T 1004 - 25.3161T 1005 - 34.1673 T 1006 - 33 _::

34.4546 T I010 - 31.9444 T 1011 - 30.5776 T 1012 " 32%5_-

24.1795 T 1016 - 31,0464 T 1017 - 42.6651 T 1018 - 47_

T 5002 - -333.0340 T

T 3004 - -90.2427 T

T 5005 - -320.9555 T

T 3007 - -15.9121T 4007 - -111.0716 T

T 5001 - -329.0712 T 2009 - -].0110 T

T 3010 - -84.8449 T 4010 - -117,3011 T

T 5011 - -329.8505 T 2012 - -3.4319 T

T 3013 - -84.0348 T 4013 - -107.3007 T

T 5014 - -330.1711 T 2015 - -6.3409 T

T 3016 - -15.5696 T 4016 - -107.0262 T

T 5017 - 53,4739 T 2018 - 44.1465 T

T 3019 - 49.2100 T 4019 - 51.5352 T

T 5020 - 53.9265 T 2021 - -0.7661 T

T 3022 " -61,1429 T 4022 - -142.3464 T

2003 - -14.0297 T 3003 - -94.0612 T 4003 - -193.9::=

4004 - -191.1763 T 5004 - -331.1526 T 2005 " --11353

2006 - -5.2750 T 3006 - -86.4530 T 4006 - -181 4_'

5007 - -329.1216 T 2004 - -! :89_

3009 - -g2.1054 T 4009 - -185.8_;

5010 - -329.5032 T 2011 - -4 "_

3012 - -44.8573 T 4012 - -!$73:_:

5013 - -329.5035 T 2014 " --5.94 _

3015 - -47.3794 T 4015 - -i$9:_

5016 - -329.7257 T 2017 - 4422 _"

3014 - 50.6182 T 4014 - 523" :

5019 - 53.8464 T 2020 - 47 4_"-

3021 - -66.0391T 4021 - -1452_-

5022 - -240.4455 T 2023 - 2 -_--

T 3023 " -63.0116 T 4023 " -143.2013 T 5023 " -240.7754 T 2024 - -0.2329 T 3024 " -65.5901T 4024 " -i44_

T 5024 - -241.4372 T 2025 - 4.6130 T 3025 - -61.4492 T 4025 - -142.0747 T 5025 - -240.3420 T 2026 - 6: "a:

I(C) COPYRIGHT 1912,1913,19|4,1955,1916.1917 J.D.GASKI $1NDA/19§7/ANSl 1.31NETMORK AMALYSIS A_SOCIATES. INC. - PAGE _.

$T$ 36 PRE-12%t840H SURFACE EMVIRONFENT MODEL (A-.8)
3026 - -60.0993 T 4026 - -141.1403 T S026 - -239.9444

5027 - -240.5561 T 2025 - 3.6692 T 3021 - -62.3037

3029 - -55,9679 T 4029 - -131.1260 T 5029 - -238.8360

5030 - -231.6961T 2031 - i0.i030 T 3031 - -56.9239

3032 - -56.2267 T 4032 - -136.3174 T 5032 - -238.9091

5033 - -326.1444 T 2034 - -2.9196 T 3034 - -14.1144

3035 - -19.9434 T 4035 - -117.9134 T S035 - -321.5574

5036 - -326.7295 T 2037 m 54.1973 T 3037 - 61.6117
21002 - -422.9014 T 21003 - -422.9822 T 21005 - -422.9145

21010 - -422.9107 T 21011 - -422.9614 T 21013 - -422,9841

21001 - -422.9437 T 21012 - -422,9131 T 21016 - -422,9836

21020 - 54.9997 T 21021 - -296.9909 T 21022 - -296.9904

21026 - -296.9912 T 21027 - -296.9916 T 21025 - -296.9912

21032 " -296.9967 T 21033 - -422.9453 T 21034 - -4229162

12001 - 45.1024 T 12002 - 40.1363 T 12003 - 466516

12043 - 42.9114 T 12044 - 43.3646 T 12045 - 477557

12055 - 45,7924 T 12016 - 44.1045 T 12057 - 44,9751

12019 - 44.9920 T 12026 - 49.7231 T 12006 - 501070

12007 - 49.7000 T 12014 - 49,1924 T 12021 - 4176;4

12022 - 41.7761T 12029 - 19,4734 T 12009 - 49 63:3

12010 - 50.2570 T 12017 - 49.0706 T 12024 - 4858_3

12025 - 47,9371T 12032 - 41.1431 T 12033 - 50 956 _

12037 - 41.2313 T 12031 - 41.5213 T 12039 - 48 :_9

22003 - 50.7125 T 22004 - 51.3693 T 22041 - _3 5_}2

12049 - 49.1176 T 12056 - 50.5054 T 12063 - 49 4453

12064 - 49.3957 T 12071 " 51.1991
12052 - 49.1735 T 12059 m 50.6494

T 2027 - 3,7230 T 3027 - -62.2574 T 4027 - -142 6_:

T 4021 - -!42.6660 T 5021 - -240.5684 T 2029 - :: _:-

T 2030 - 10.9910 T 3030 - -56.1419 T 4030 - -131 := "

T 4031 - -131.1323 T 503I - -239.1066 T 2032 - l_ _:

T 2033 " -3.4294 T 3033 " -64.5363 T 4033 - -184 :"

T 4034 - -113.6933 T 5034 - -326.7117 T 2035 - -9 _:

T 2036 - -2.9132 T 3036 - -14.1610 T 4036 - -I43

T 4037 - 69.0714 T 5037 - 76.3721 T 21001 - -422 _

T 21006 - -422.9799 T 21007 - -422.9019 T 21009 - -422 _°

T 21014 - -422,9107 T 21015 - -422,9414 T 21004 - -422 =_
T 21017 - 54.9997 T 21011 - 54.9994 T 21019 - 54 =_"

T 21023 - -296.9904 T 21024 - -296.9911 T 21025 - -296 _

T 21029 - -296.9970 T 21030 - -296.9966 T 21031 - -296 "'"

T 21035 - -422.9562 T 21036 - -422.9066 T 21037 - _9 _--

T 12004 - 41.0546 T 12041 - 46.3115 T 12042 - 47

T 12046 - 45.3007 T 12047 - 41.3653 T 12040 - 55: -

T 12050 - 46.3514 T 12005 - 50.0663 T 12012 - 53:- -

T 12013 - 50,9769 T 12020 - 40.9351 T 12027 - 49 _

T 12024 - 49.7169 T 12001 - 49.3934 T 12015 - 49 _: -

T 12016 - 49.1246 T 12023 - 48.7168 T 12030 - 48 _"

T 12031 - 47.1651 T 12011 - 50.9619 T 12011 - 49 •

T 12034 - 50.0475 T 12035 " 50.2660 T 12036 " 50 I:

T _2040 - 45.2279 T 22001 - 51.4355 T 22002 - 5:

T 22942 - 50.9742 T 22043 - 46.7544 T 22044 - 4 _ -

T :2979 - 53.3547 T 12050 - 49.9315 T 12057 - 5: --
5:T 12051 - 49 "_:? T :295g - 5_.6525 T 12065 - 49.2417 T 12072 -

T 12066 - 49:_ " :2373 " 5C.84_5 T 12053 - 50_4851 T 12060 -

OR;G_NAL PAGE IS

OF POOR QUALITY



T 12067 - 49.1791T 12874 - 50.?711T 12054 - 51.3397 T 12061 - 50.4131T 12061 - 49.3916 T 12075 - 51,0579

T 12055 - 52.0?32 T 12062 m 50.0100 T 12069 - 49.5?2? T 12076 - 51.3|14 T 12077 - 51.6279 T 12071 - 50,2434

T 12079 - 49.7312 T 12010 - S0.2515 T 12081 - 49.2368 T 12082 - 69.0410 T 12083 - 50.3142 T 12084 - 48.9866

T 22045 - 51.5727 T 22046 - 52.2291T 22047 - 52.5292 T 22048 - 54.2465 T 22085 - 50.5412 T 22086 - 52,260l
T 22017 - 48.2752 T 22011 - 50.3635 T 22005 - 50.0?85 T 22006 - 50.1202 T 22007 - 49,7135 T 22001 - 49.4070

T 22009 - 49.1147 T 22010 - 50.2709 T 22011 - 50.9115 T 22012 - 53.0712 T 22013 - 50.9095 T 22014 - 49.9057

T 22015 - 49.6632 T 22016 - 49.1379 T 22017 - 49,1139 T 22011 - 49.9_99 T 22019 - 49.0060 T 22020 - 48.9492

T 22021 - 41.7755 T 22022 - 41.7902 T 22023 - 41.7310 T 22024 - 41.5945 T 22025 - 47,9516 T 22026 - 49.7366

T 22027 - 49.8114 T 22028 - 49.7304 T 22029 - 49.4169 T 22030 - 48.9792 T 22031 - 47.8791 T 22032 - 48.1513

T 22049 - 49.9010 T 22050 - 49.9448 T 22051 - 49.7117 T 22052 - 49.1869 T 22053 - 50.4912 T 22054 - 51.3522
T 22055 - 52.0153 T 22056 - 50.5184 T 22057 - 50.6935 T 22058 - 50.6654 T 22059 - 50.6623 T 22060 - S0.6656

T 22061 - 50.4263 T 22062 - 50,0315 T 22063 - 49.4591T 22064 - 49,4095 T 22065 - 49.2555 T 22068 - 49.249?

T 2208? - 49.1931 T 22068 - 49,4054 T 22069 - 49.5164 T 22070 - 53,3660 T 22071 - 51.9119 T 22072 - 51.1855

T 22073 - 50.8613 T 220?4 - 50,?_09 T 220?5 - 51.0706 T 220?8 - 51.3969 T 22033 - 50.9695 T 22034 - 50.0610

T 22035 - 50.2992 T 22038 - 50.3559 T 22039 - 41.2527 T 22031 - 41.5426 T 22039 - 48.0934 T 22040 - 48.2423

T 2207? - 51.6404 T 22071 - 50.2567 T 220?9 - 49.7449 ? 22010 - 50.2711 T 22081 - 49.250? T 22012 - 49.0550

T 22013 - 50,3974 T 22084 - 50.0000 T 31005 - 70.0470 T 31006 - 70.0377 T 31007 - 69.9960 T 31008 - 69,9126

T 31009 - 69.9610 T 31010 - 69.9519 T 31011 - 70.0311 T 31012 - 70.2163 T 31013 - 70.0589 T 31014 - 69,9?85

T 31015 - 69,9678 T 31016 - 69.9917 T 31017 - 89.996? T 31011 - 69.9900 T 31019 - 70,0393 T 31020 - 70,0299

T 31021 - 70.0153 T 31022 - ?0.0065 T ]1023 - 69,99|0 T 31024 - 69.9757 T 31025 - 69.1160 T 31026 - 70,00|9

T 31027 - 70.0146 T 31021 - 69.9107 T 31029 - 69.9368 T 31030 - 69._N_78 T 31031 - 69.9492 T 31032 - 69.9219

T 31033 - 70.1395 T 31034 - 70.1145 T 31035 - 70.0179 T 31036 - 70.1063 T 31037 - 69.9617 T 31031 - 89.9711

T 31039 - 89.1828 T 31040 - 69.9020 T 31049 - 70.0536 T 31050 - 70.0415 T 31051 - 70.0502 T 31052 - 70.0851

T 31053 - 70.1201 T 31054 - 70.1640 T 31055 - 70.2205 T 31058 - 70.1474 T 31057 - 70.1587 T 31051 - 70.1592

T 31059 - 70.1617 T 31060 - 70.1741T 31061 - 70.1644 T 31062 - 70.1572 T 31063 - 70.0735 T 31064 - 70.0670

T 31085 - 70.0605 T 31066 - 70.0623 ? 31087 - 70.0712 T 31068 - ?0.0835 T 31069 - 70.0_S0 T 31070 - 70.2966

T 31071 - ?0.2022 T 31072 - 70.1642 T 31073 - 70.1530 T 31074 - ?0,1483 T 31075 - 70.1634 T 31076 - 70.1129

T 31077 - 70.2221T ]1078 - 70.1494 T 31079 - 70.1357 T 31010 - 70.1523 T 31041 - 70,0715 ? 31082 - 70,0282

T 31013 - 70.0890 T 31084 - 70,0410 T 32005 - 70.9787 T 32006 - 70.9713 T 3200? - ?0.9772 T 32008 - 70.9745
T 32009 - ?0.9759 ? 32010 - 70.8754 T 32011 - 70.9777 T 32012 - ?O.982? T 32013 - 70.9718 T 32014 - 70.9765

16C) COPYRIGHT 1982,1913,1184.1985,1916,1987 J.D.GJ_SKI SlMDAI191?/ANSI 1.31 NETWORK ANALYSIS ASSOCIATZS, INC. - PAGE 23

5TS 38 PRE-LAUNCM SURFACE _k'VIRON_NT NOOEL (A-,I)

T 32015 - 70,9763 T 32018 - 70.9771 T 32017 - 70.9772 T 32011 - 70.9788 T 32019 - 70,9791 T 32020 - 70,9711

T 32021 - 70.9784 T 32022 - 70.9711 T 32023 - 70.9779 T 32024 - 70.97?2 T 32025 - 70.9746 T 32026 * 70,9775

T 32027 - 70,9776 T 32021 - 70.9765 T 32029 - 70.9752 T 32030 - 70,9766 T 32031 - 70.9767 T 32032 - 70.9?58
T 32033 - 70.9113 T 32034 - 70.9111 T 32035 - 70.9101 T 32036 - 70.1108 T 32039 - 70.9772 T 32031 - 70.9?74

T 32039 - 70.9744 T 32040 - ?0.9750 T 32049 - 70,9?90 T 32050 - 70.9711 T 32051 - 70.9_|9 T 32052 - 70.9?94

T 32053 - 70,9110 T 32054 - 70.9120 T 32055 - 70.9135 T 32058 - 70.9119 T 32057 - 70.9922 T 32051 - 70,9822
T 32059 - 70.9823 T 32060 - 70.9127 T 32061 - 70.9825 T 32082 - 70.9124 T 32063 - 70.9800 T 32064 - 70.9991

T 32065 - 70.9?96 ? 32068 - 70.9797 T 3206? - 70.9101 T 32061 - 70.9104 T 32069 - 70.980? T 32070 - 70.9153

T 32091 - 70.9130 T 320?2 - 70.9821 T 32073 - 70.9120 ? 32074 - 70.9819 T 32075 - ?0.9822 T 32076 - 70.9827

T 32077 - 70.9830 T 32071 - 70,9822 T 32079 - 70.9119 T 32010 - ?0,9823 T 32011 - 70.9101 T 32082 - 70.9711

T 32013 - 70.9101 T 32014 - 90,9787 T 33005 - 70.999? T 33006 - ?0.9997 T 33007 - 70.9996 T 33008 - ?0.9996

T 33009 - ?0.9996 T 33010 - 70,9998 T 33011 - 70,9996 T 33012 - 70.9997 T 33013 - 70.9997 T 33014 - 70.9998

T 33015 - ?0.9996 T 33016 - 70.9998 T 33017 - 70,9996 T 33018 - 70,9996 T 33019 - 70.9997 T 33020 - ?0.9997

T 33021 - 70,9997 T 33022 - 70.9997 T 33023 - 70.9997 T 33024 - 70,9996 T 33025 - 70.9996 T 33026 - 70.9996

T 33027 - 70.9996 T 33021 - 70.9996 T 33029 - 70.9996 T 33030 - 70,9996 T 33031 - 70,9996 T 33032 - 70.9996

T 33033 - 70,9997 T 33034 - 70.9997 T 33035 - 70.9997 T 33036 - 70.9997 T 3303? - ?0.9996 T 33031 - 70.9996
T 33039 - 70.9998 T 33040 - 70.9998 T 33049 - 70.9997 ? 33050 - 70.9997 T 33051 - 70.999? T 33052 - 70.999?

T 33053 - 70,9997 T 33054 - 70,9997 T 33055 - 70.9997 T 33056 - 70.9997 T 33057 - 70.999? T 33051 - 70.9997

T 33059 - 70.9997 T 33060 - 70.9997 T 33061 - 70.9997 T 33062 - 70.9997 T 33063 - ?0,9997 T 33064 - 70.9997

T 33065 - 70.9997 T 33066 - 70.9997 T 33067 - 70.999? T 33061 - 70.9997 T 33069 - 70.9997 T 33070 - 70.9990

T 33071 - 70.9997 T 33072 - 70,9997 T 33073 - ?0.9997 T 33074 - 70.999? T 33075 - 70,9997 T 33078 - 70,9997

T 330?? - 70.9991 T 33071 - 70.9997 T 33079 - 70.999? T 33080 - 70.999? T 33081 - 70.99t? T 33012 - 70.9997

T 33013 - 70.9997 T 33014 - 70.999? T 34005 - 71.0000 T 34006 - 71,0000 T 3400? - 71.0000 T 34004 - 71.0000

T 34009 - 71.0000 T 34010 - ?1.0000 T 34011 - ?1.0000 T 34012 - 71.0000 T 34013 - 71.0000 T 34014 - 71.0000

T 34015 - 71.0000 T 34018 - 71.0000 T 34017 - 71.0000 T 34018 - 71.0000 T 34019 - 71.0000 T 34020 - 71.0000

T 34021 - ?1.0000 T 34022 - 71.0000 T 34023 - ?1.0000 T 34024 - 71.0000 T 34025 - 71.0000 T 34026 - 71.0000

T 34027 - 71.0000 T 34028 - 71.0000 T 34029 - 71.0000 T 34030 - 71.0000 T 34031 - 71.0000 T 34032 - 71.0000

T 34033 - 71.0000 T 34034 - 71.0000 T 34035 - 71,0000 T 34036 - 71.0000 T 34037 - 71.0000 T 34038 - 71.0000

T 34039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34050 - 71.0000 T 34051 - 71.0000 T 34052 - 71.0000

T 34053 - 71.0000 T 34054 - 71,0000 T 34055 - 71.0000 T 34058 - 71.0000 T 34057 - 71.0000 T 34058 - 71.0000

T 34059 - 71.0000 T 34060 - 71.0000 T 34081 - 71.0000 T 34062 - 71.0000 T 34063 - 71.0000 T 34064 - 71.0000

T 34065 - 71.0000 T 34066 - 71.0000 T 34081 - 71.0000 T 34061 - 71.0000 T 34089 - 71.0000 T 340?0 - 71.0000
? 34071 - 71,0000 T 34072 - 71.0000 T 34073 - 71.0000 T 34074 - 71.0000 T 34075 - 71.0000 T 34076 - 71,0000

T 340?7 - 71.0000 T 34071 - 71.0000 T 340?9 - 71.0000 T 34080 - 71.0000 T 34081 - 71.0000 T 34012 - 71.0000

T 34013 - 71.0000 T 34014 - 71.0000 T 42006 - 19.1406 T 42013 - 19.4467 T 42020 - 91,0764 T 42027 - I1.5541

T 42008 - 87.6044 T 42015 - 19.5801 T 42022 - 91.0578 T 42029 - 11.2244 T 42010 - 90.4791 T 42017 - 91.3201

T 42024 - 90.3640 T 42031 - 90.7533 T 42050 - 17,7039 T 4205? - 90.7322 T 42064 - 19.5113 T 42071 - 81.6303

T 42052 - 19.2265 T 42059 - 91,2447 T 42066 - 19.1043 T 42073 - 91.4235 T 42054 - 91.4952 T 42061 - 91.1791

T 42064 - 90.2454 T 42075 - 91.5623 T 43008 - 85.4492 T 43013 - 64.6163 T 43020 - 67.1660 T 4302? - 64.1737

T 43008 - 62.2511 T 43015 - 64.3153 T 43022 - 66.6361 T 43029 - 63.30?9 T 43010 - 84.0154 T 43017 - 85.1932

T 43024 - 64.?007 T 43031 - 65.0195 T 43050 - 70.03?8 T 4305? - ?8.9792 T 43064 - 61.1747 T 43071 - 70.0163

T 43052 - 71.6490 T 43059 - 79.4010 T 43066 - 61.4142 T 43073 - 69.1482 T 43054 - 74.0143 T 43061 - 79.7791

T 43061 - 69.1600 T 43075 - 70.076? T 1000 - 37.9056 T 1005 - 39.?953 T 1010 - 31.6375 T 1011 - 43.4790

T 8015 - 37.?795 T 8016 - 42.2925 T 1020 - 39.4355 T 1025 - 39,2675 T 1030 - 40.2621 T 1035 - 47.5271

T 6000 - 33.?3?3 T 6010 - 34.1737 T 6020 - 34.1080 T 6030 - 34,0943 T 6040 - 33.9432 T 6050 - 33.9651

T 6060 - 33.9201T 60?0 - 33.7781T 6010 - 33.6996 T 6090 - 33.6671 T 8D01 - 34.0194 T 6011 - 34,0406

T 6021 - 33.9618 T 6031 - 33.1505 T 6041 - 33.8181T 8051 - 33.7910 T 6061 - 33.7462 T 6071 - 33,7221

T 6011 - 33.7116 T 6091 - 32,5406 T 500 - 34,8511T 501 - 34.8127 T S02 - 35,3562 T 503 - 35,0191

T 9000 - 21.4315 T 9001 - 21.4419 T 9002 - 21,4416 T 9003 - 20.4385 T 40 - 53.2000 T 9999 - 21.1022

T 7000 - -423,0000 T 7001 - -297.0000 T 7002 - 55.0000 T 7003 - 10.0000 T 1181 - 53.2000 T 1119 - 81,0000

T 1190 - 0,0000 T 1191 - 215.0000 T 1192 - ?.5000 T 13001 - 0.0000 T 13002 - 0.0000 T 13003 - 0.0000
T 13004 - 0.0000 T 13005 - 0.0000 T 13008 - 0.0000 T 13007 - 0.0000 T 13008 - 0.0000 T 13009 - 0.0000

? 13010 - 0.0000 T 13011 - 0.0000 T 13012 - 0.0000 T 13013 - 0.0000 T 13014 - 0.0000 T 13015 - 0.0000

T 1301_ - 0.0000 T 13017 - 0.0000 T 13011 - 0.0000 T 13019 - 0.0000 T 13020 - 0.0000 T 13021 - 0.0000

T 13022 - 0.0000 T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000

T 13028 - 0.0000 T 13029 - 0.0000 T 13030 - 0.0000 T 13031 - 0.0000 T 13032 - 0.0000 ? 13033 - 0.0000

? 13034 - 0,0000 T 13035 - 0.0000 T 13036 - 0.00D0 T 13037 - 0.0000 T 16001 - 3?42.0573 T 16002 - 4127.3427

I(C) COPYRIGHT 1912,1913,1914,1915,1916,1987 J.D.G_3KI SINDA/1917/ANS1 1.31NETIlIORK AN&LYSZ$ ASSOCIATES, INC. - PAGE 24

STS 36 PRE-LJ_UWCH SURFACE Ek_NNINT HOOEL (A-.8}

T 16003 - 4131.9260 T 16004 - 4193.2_42 T 16005 - 2621.3197 T 16006 - 4717.2915 T 16007 - 4266.?372 T 16000 - 2954.3161

T 16009 - 2527.3_45 T 16010 - 4182.5663 T 16011 - 4617.8140 T 16012 - 3511._90 T 16013 - 2974.7019 T 16014 - 4643.436?

T 16015 - 4430.1014 T 16016 - 3731,5959 T 16017 - 0.0000 T 16011 - 0.0000 T 16019 - 0.0000 T 16020 - 0.0000

T 16021 - 2153.7212 T 16022 - 1578.0634 T 16023 - 1819,9575 T 16024 - 2025,9713 T 16025 - 2788,522? T 16026 - 2293.4761

T 16027 - 2835,?245 T 16028 - 2962.5100 T 16029 - 0.0000 T 16030 - 0.0000 T 16031 - 0.0000 T 16032 - 0.0000
T 16033 - 1635.9333 T 16034 - 1445.0622 T 16035 - 1966,9247 T 18036 - 1412,0166 T 18037 - 0.0000 T 101 - 2.8232

T 102 - 3.5954 T 103 - 4,0315 T 104 - 4.3804 T 105 - 0.2543 T 106 - ?.$200 T 107 - 7,1149

T 100 - 1.6721T 109 - 8.3303 T 110 - 9.0199 T 111 - 7.8973 T 112 - 7,6720 T 113 - 6,4313

T 114 - 6.7471T 115 - 8.1401T 116 - 8.4313 T 117 - 5.6014 T 111 - 10.5331T 119 - 1.7917

T 120 - 6.7225 T 121 - 6.?225 T 122 - 11.0775 T 123 - 9.8495 T 124 - 6.8005 T 125 - 11.5206

T 126 - 13.4956 T 127 - 9.7102 T 121 - 10.0900 T 129 - 14.0528 T 130 - 14.1755 T 131 - 12.9132

T 132 - 14.7742 T 133 - 8.7351 T 134 - 8,4060 T 135 - 3.5448 T 136 - 6.1854 T 137 - 17,9772

T 151 - 0.2230 T IS2 - 0.2840 T 153 - 0.3190 T 154 - 0.3460 T IS5 - 0.6520 T 156 - 0.5940

T 157 - 0.5620 T 158 - 0.6850 T 159 - 0.6500 T 160 - 0.7100 T 161 - 0.6010 T 162 - 0.6080

T 163 - 0.5010 T 164 - 0.5330 T 165 " 0.4150 T 166 - 0.5010 T 167 - 0.4430 T 181 " 0.1320

3-3-121



T 109 - 0.6950 T 170 - 0.5310 T 171 - 0.5310 T 172 - 0.8730 T 173 - 0.7780 T 174 - 0.5220

T 175 - 0.9100 T 176 - 1.064;0 T 177 - 0.7070 T 178 - 0.7970 T 179 - 1.1100 T 1|0 - 1.1750

T 111 * 1.0200 T 112 - 1.1670 T 113 - 0.5320 T 184 * 0.5060 T 113 - 0,2000 T 118 - 0.4170

T 117 - 1.4200 T 201 - 0.0014 T 202 - 0.0018 T 203 - 0.0011 T 204 - 0.0016 T 205 - 0.0011

T 206 - 0.0018 T 207 * 0.0014 T 201 - 0.0013 T 209 - 0.0011 T 210 - 0.0018 T 211 - 0.0011

T 212 - 0.0015 T 213 - 0.0013 T 214 - 0.0014 T 215 - 0.0017 T 216 - 0.0014 T 217 - 0.0000

T 214 - 0.0000 T 219 - 0.0000 T 220 - 0.0000 T 221 - 0,0019 T 222 - 0.0016 T 223 - 0.0014

T 224 - 0.0011 T 223 * 0.0015 T 224 - 0.0013 T 227 - 0.0016 T 228 - 0.0016 T 220 - 0.0000

T 230 - 0.0000 T 231 - 0.0000 T 232 - 0.0000 T 233 - 0.0013 T 234 - 0.0011 T 235 - 0.0013

T 236 * 0.0011 T 237 - 0.0000 T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000
T 405 - 0.0000 T 406 - 0.0000 T 40? - 0.0000 T 408 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

T 411 - 0.0000 T 412 - 0.0000 T 413 - 0.0000 ? 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

T 417 - 0.0000 T 414 - 0.0000 T 419 - 0.0000 T 420 - 0.0000 T 421 - 0.0O00 T 422 - 0.0000

T 423 - 0.0000 T 424 - 0.0000 T 425 - 0.0000 T 426 - 0.0000 T 427 - 0,0000 T 424 - 0.0000

T 429 - 0.0000 T 430 - 0.0000 T 431 - 0.0000 T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

T 435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T 701 - 0.0211 T 702 - 0.0403 T 703 - 0.0347
T 704 - 0,0216 T 705 - -0.0071 T 704 - 0.0133 T 707 - 0.0095 T 701 - -0.0047 T 709 - -0.0004

T 710 - 0.0032 T 711 - 0.0109 T 712 - 0.0026 T 713 - 0.0013 T 714 - 0.0147 T 715 - 0.0140

T 716 - 0.0065 T 717 - -0.0365 T 718 - -0,0641 T 719 - -0,0535 T 720 - -0.0493 T 721 - 0.0191

T 722 - -0.0024 T 723 - 0.0051 T 724 - 0.0166 T 725 - -0.0030 T 726 - -0.0153 T 727 - -0.0005

T ?24 - 0.0001 T 729 - -0.0696 T 730 - -0,0601 T 731 - -0,0519 T 732 - -0.0594 T 733 - 0.0007

T 734 - -0.0017 T 735 - 0.0196 T 736 - -0.0017 T 737 - -0.1507 T 801 - 0.0734 T 802 - 0.1164

T 103 - 0.0f92 T 004 - 0.0603 T 103 - 0,0000 T 106 - 0.0300 T 007 - 0.0205 T 801 - 0,0000

T 009 - 0.0000 T 010 - 0.0125 T 411 - 0.0249 T 412 - 0.0012 T 013 - 0.0025 T 114 - 0,0409

T 015 - 0.0364 T 016 - 0.0134 T 117 - 0.0000 T ill - 0.0000 T 119 - 0.0000 T 020 - 0.0000

T 821 - 0.0326 T 022 - 0.0000 T 023 - 0.0136 T 124 - 0.0436 T 025 - 0.0000 T 026 - 0.0000

T 027 - 0.0043 T 621 - 0.0027 T 029 - 0.0000 T 130 - 0.0000 T 831 - 0.0000 T 032 - 0.0000

T 033 - 0.0057 T 634 - 0.0004 T 035 - 0.0517 T 036 - O.0000 T 837 - 0.0000 T 901 - 143.6430

T 902 - 227.7351 T 903 - 194.0340 T 904 - 117.9960 T 905 - 0.0000 T 906 - 51.6174 T 907 - 40.0510

T S0| - 0.0000 T 909 - 0.0000 T 910 - 24.5307 T 911 - 44.6475 T 912 - 16.0389 T 913 - 4.9495

T 914 - 10.0229 T 915 - 75.1218 T 916 - 27.0251T 017 - 0.0000 T 918 - 0.0000 T 919 - 0.0000

T 920 - 0.0000 T 921 - 44.5276 T 922 - 0.0000 T 923 - 11.5440 T 924 - 36.9501T 025 - 0.0000

T 926 - 0.0000 T %2? - 6.7052 T 920 - 4,2497 T 029 - 0.0000 T 93O - 0.0000 T 931 - 0.0000

T 932 - 0.0000 T %33 - 6.3055 T 934 - 0.4163 T 935 - 57.4482 T 936 - 0.0000 T 937 - 0.0000

TI_- 2.150000÷0 . DT;MEU- 2.50000[-03, CSC,J410( 21037)- 1.11551[-05, ATMPC'C( 0)- 0.00000E÷00. DTW#CC< 2024)--2.20211[-02

IEOPCT- 1 , ARLXCC( 0)- 0.00000E÷00, DRLXCC< 2024)°-2.20211[-02

T 1001 - 37.5323 T 1002 - 34.6743 T 1003 - 35.1505 T 1004 - 37.0300 T 1005 - 37,0030 T 1006 * 33,0619

T 1007 - 34.8071 T 1001 - 35.9938 T 1009 - 37.7633 T 1010 - 34.4069 T 1011 - 35.3253 T 1012 - 36.5726

T 1013 - 29.3149 T 1014 - 27.630? T 1015 - 30.1110 T 1016 - 32.7581T 1017 - 40.6369 T 1011 - 49.7959

iIC) COPYRIGHT 1982.1083.1994,1905,1086o1087 J.D.GA3KI SINDA/19|7/AN$1 1.31 NETWORK AHALYSIS ASSOCIATES, 1MC. - PAGE 25

STS 36 pRE-IAIRICH SURFACE E.N'VIRONI, fJT NOOEL (A-.8)
T 1019 - 40.3605 T 1020 - 48.6608 T 1021 - 37.3247 T 1022 - 35.5361T 1023 - 35.2214 T 1024 - 31.9320

T 1025 - 3|.2017 T 1026 - 37.4343 T 1027 - 39.8174 T 1021 - 34,9538 T 1020 - 45.9?66 T 1030 - 43.8450

T 1031 - 45.4653 T 1032 - 43.2791T 1033 - 40.3542 T 1034 - 40.4856 T 1035 - 3%.8935 T 1036 - 36.1530

T 1037 - 53.2167 T 2001 - 1.8160 T 3001 - -|0.2%45 T 4001 - -184.0476 T 5001 - -328.1109 T 2002 - -0.8787

T 3002 - -02.6333 T 4002 - -185.7230 T 5002 - -320.8277 T 2003 - -0.42%8 T 3003 - -82.2455 T 4003 - -145.4449
T 5003 - -320.7101 T 2004 - 1.3423 T 3004 - -00.7062 T 4004 - -184.3424 T 5004 - -328.2437 T 2005 - 1.4015

T 3005 - -80.6551T 4005 - -1|4.3061T 5005 - -320.2204 T 2006 - -2.3%26 T 3006 - -83.9511T 4006 - -186.6669

T 5006 - -326.2289 T 2007 - -0.7540 T 3007 - -02.5278 T 4007 - -185._I76 T 500? - -320.7_| T 2000 - 0.3650

T 3008 - -01.5355 T 4008 - -164.9511 T 5008 - -328.5022 T 2009 - 2.0351T 3009 - -80.1026 T 4009 - -113.9092

T 5009 - -320.05%7 T 2010 - -1.1303 T 3010 - -82.8533 T 4010 - -185.0790 T 5010 - -328.8945 T 2011 - -0.2645

? 3011 - -82.1013 T 4011 - -185.3411T 5011 - -320.6656 T 2012 - 0.9116 T 3012 - -01.0795 T 4012 - -104.6093

T 5012 - -320.3564 T 2013 - -5.9322 T 3013 - -87.0270 T 4013 - -188.0730 T 5013 - -330.1732 T 2014 - -7.5190

T 3014 - -08.4056 T 4014 - -189.8594 T 5014 - -330.5686 T 2015 - -5.1815 T 3015 - -86.3742 T 4015 - -188.4041

T 5015 - -329.%?03 T 2016 - -2.6058 T 3016 - -84.2061T 4016 - -186.8500 T 5016 - -329.3110 T 2017 - 40.4347

T 3017 - 51.0288 T 4017 - $2,6196 T 5017 - 54.2068 T 2010 - 50.4466 T 3018 - 51.7486 T 4018 - 53.0490

T 5010 - 54.3499 T 2019 - 49.3605 T 3019 - 50.9820 T 4019 - 52.5918 T 5010 - 54.1976 T 2020 - 40.4551

T 3020 - 51.0427 T 4020 - 52.6276 T 5020 - 54.2094 T 2021 - 7.5502 T 3021 - -59.0380 T 4021 - -140.3903

T 5021 - -239.6N4 T 2022 - 5.8006 T 3022 - -60.4398 T 4022 - -141.3757 T 5022 - -240.0740 T 2023 - 5.5866

T 3023 - -60.6078 T 4023 - -141.5476 T 5023 - -240.1300 T 2024 - 2.5444 T 3024 - -63.2479 T 4024 - -143,3205

T 5024 - -240.8187 T 2025 - 8.4487 T 3025 - -58.2947 T 4025 - -139.0425 T 5025 - -239.4171T 2026 - 7.6518

T 3026 - -50.%546 T 4026 - -140.3296 T 5026 - -239.6740 T 2027 - 9.0660 T 3027 - -57.1203 T 4027 - -138.0758

T 5027 - -239.1554 T 2028 - 5.3358 T 3021 - -60.9000 T 4020 - -141.6951 T 5028 - -240.1H0 T 2029 - 15.5876

T 3029 - -52.3901 T 4029 - -135.4|02 T 3029 - -237.8266 T 2030 - 13.6093 T 3030 - -54,0229 T 4030 - -136.6013

T 5030 - -238.2860 T 2031 - 15.1150 T 3031 - -52.7766 T 4031 - -135.7709 T 5031 - -237.9333 T 2032 - 13.0829

T 3032 - -54.4397 + 4032 - -137.0146 T 5032 - -238.4102 T 2033 - 4.0304 T 3033 - -78,3661 T 4033 - -179.4667

T 5033 - -324.0919 T 2034 - 4.1620 T 3034 - -78.2652 T 4034 - -170.3934 T 5034 - -324.8616 T 2035 - 3.6012
T 3035 " -7|.7284 T 4035 - -179.7339 T 5035 - -325.0077 T 2036 - 0.0535 T 3036 - -01.6649 T 4036 - -181.8_64

T 5036 - -325.0401T 2037 - 56.5499 T 3037 - 63.2195 T 4037 - 69.0168 T 5037 - 76.6365 T 21001 - -422.9850
T 21002 - -422.%902 T 21003 - -422.9012 T 21005 - -422.9844 T 21006 - -422,9797 T 21007 - -422.9016 T 21000 - -422.9851

T 21010 - -422.%006 T 21011 - -622.0910 T 21013 - -422.9149 T 21014 - -422._J09 T 21015 - -422.0017 T 21004 - -422.9043

T 21001 - -422.9633 T 21012 - -422.0835 T 21016 - -422.0035 T 21017 - 54.99%8 T 21018 - 54.9991 T 21010 - 54.%9%0
T 21020 - 54.9%90 T 21021 - -296.0906 T 21022 - -2%6.9%07 T 21023 - -2%6.9%07 T 21024 - -296.9%09 T 21025 - -296.9909

T 21026 - -296.9012 T 21027 - -206.9013 T 21021 - -206.9911T 21029 - -296.9%70 T 21030 - -2%6.9%66 T 21031 - -206.95_7

T 21032 - -296.%_66 T 21033 - -422.9846 T 21034 - -422.9850 T 21035 - -422.9054 T 21036 - -422.0064 T 21037 - 79.9901

T 12001 - 47.1804 T 12002 - 50.1376 T 12003 - 48.6936 T 12004 - 40.0852 T 12041 - 45.6459 T 12042 - 40.8410

T 12043 - 46.6007 T 12044 - 40.2871 T 12045 - 49.3314 T 12046 - 49.6251T 12047 - 50,3426 T 12041 - 51.3051
T 12005 - 49.4%45 T 12006 - 40.0250 T 12007 - 40.1904 T 12008 - 47.7612 T 12005 - 49.4323 T 12012 - 53.2570

? 12019 - 49.4344 T 12026 - 49.3540 T 12006 - 49.4787 T 12013 - 50.9332 T 12020 - 49.3040 T 12027 - 49.5707

T 12007 - 49.1002 T 12014 - 49.3?35 T 12021 - 48.%637 T 12024 - 48.9732 T 12000 - 48.0470 T 12015 - 40.0041

T 12022 - 40.6073 T 12029 - 48.3032 T 12000 - 49.3082 T 12016 - 49.1039 T 12023 - 40.6106 T 12030 - 48.4539

T 1201_ - 49.7140 T 12017 - 4%.3364 T 12024 - 41.7192 T 12031 - 41.2104 T 12011 - 30.6450 T 12010 - 4%.7367

T 12025 - 4%.07%2 T 12032 - 40.4536 T 12033 - 31.9472 T 12034 - 51.7350 T 12035 - 51.0059 T 12036 - 50.95%0

T 12037 - 40.9120 T 12039 - 50.0503 T 12039 - 40.375_ T 12040 - 40.6622 T 22001 - 50.1443 T 22002 - 51.1011

T 22003 - 50.1457 T 22004 - 30.6331T 22041 - 50.1720 T 22042 - 50.2516 T 22043 - 46.6?09 T 22044 - 4?.0443

T 12040 - 50.4077 T 12056 - 50.4619 T 12063 - 50.6327 T 12070 - 53.7971 T 12050 - 50.4545 T 12057 - 50.6705

T 12064 - 50.5963 T 12071 - 32.1252 T 12051 - 50.3146 T 12058 - 50.7079 T 12065 - 50.3104 T 12072 - 51.5673

T 12052 - 50.4029 T 12050 - 50.7721T 12066 - 50.5534 T 12073 - 51.3791T 12053 - 50.0731 T 12060 - 50.8981

T 12067 - 50.6260 T 12074 - 51.4252 T 12054 - 51.6765 T 12061 - 50.8431 T 12068 - 50.0090 T 12075 - 51.6674

T 12055 - 52.6842 T 12062 - 50.8062 T 12060 - 51.1246 T 12076 - 52.1640 T 12077 - 52.0037 T 12078 - 51.9425

T 12079 - 51.0084 T 12000 - 50.7004 T 12001 - 51.1073 T 12082 - 50.7241T 12003 - 51.4026 T 12084 - 50.4402

? 22045 - 50.9237 T 22046 - 51.4067 T 22047 - 51.8525 T 22040 - 53.2878 T 22085 - 50.1433 T 22086 - 51.2531

T 22087 - 48.8927 T 22088 - 49.3504 T 22005 - 49.4456 T 22006 - 49.4920 T 2200? - 49.1217 T 22008 - 41.9606

T 2200% - 49,3215 T 22010 - 4%.7200 T 22011 - 30.6576 T 22012 - 53.2670 T 22013 - 50.9455 T 22014 - 40.5067

T 22015 - 49.09?6 T 22016 - 49.1174 T 22017 - 49.3690 T 22018 - 49.7497 T 22019 - 40.4476 T 22020 - 49.39?2

T 22021 - 48.97?2 T 22022 -- 48.7010 T 22023 - 48.6334 T 22024 - 48.?329 T 22025 - 40.0924 T 22026 - 49.3674

T 2202? - 49.$039 T 22020 - 48.9660 T 22020 - 48.3??3 T 22030 - 48.4671 T 22031 - 48.224? T 22032 - 40.46?4

T 22049 - 50.4203 T 22050 - 50.4671T 22051 - 50.3273 T 22052 - 50.4155 T 22053 - 50.8054 T 22034 - 51.6883

l(C) COPYRIGHT 1962,1903,1904,1905,1986,1917 J.D.GA.qKI $INDA/1917/ANSI 1.31 NETWORK ANALYSIS A3SOCIAT_$, INC. - pAG_ 26

$TS 36 pRE-LAUWCH SURFACE F.J_qltO_ NOO_L (A-.I)
T 22055 - 52.6%54 T 22056 - 50.4746 T 2205? - 50.6131T 22051 - 50.7204 T 22039 - 50.7146 T 22060 - 50.9105

T 22061 - 50.4535 T 22062 - 50.8146 T 22063 - 50.6452 T 22064 - 50.6047 T 22065 - 50.5233 T 22066 - 50.5651

T 22067 - 50.6404 T 22061 - 50.0221T 22069 - 51.1367 T 22070 - 53.0077 T 22071 - 52.1368 T 22072 - 51.5703
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T 220?3 - $1.3910 T 22674 - 51.4372 T 22075 - 31,6793 T 22076 - 52.1756 T 22033 - 51,9589 T 22034 - 51.7676

T 22035 - 31.0111T 22036 - 50.9713 T 22037 - 49.9241 T 22038 - 30.0630 T 22039 - 41.3935 T 22040 - 48.6759

T 22077 - 52.1%48 T 22078 - 51.9342 T 22070 - 51.1006 T 22080 - 50.1001 T 22081 - 31.1194 T 22082 - 30.7365

T 22013 - 51.4145 T 22084 - 30.4521 T 31003 - 69.7764 T 31006 - 69.7610 T 31007 - 69.?220 T 31001 - 69.6374

T 31009 - 69.6900 T 31010 - 69.6171 T 31011 -- 69.??60 T 31012 - 69.%195 T 31013 - 69.1053 T 31014 - 69.7097

T 31015 - 69.6%40 T 31016 - 69.7116 T 31017 - 69.?237 T 31010 - 69.7227 T 31019 - 69.7626 T 31020 - 69.7327

T 31021 - 69.7341 T 31022 - 69.7234 T 31023 - 69.7143 T 31024 - 69.6924 T 31023 - 69.6041T 31026 - 69.7364

T 31027 - 69.7449 T 31028 - 69,7060 T 31029 - 69.6569 T 31030 - 69.6849 T 31031 - 69.6583 T 31032 - 69,6353
T 31033 - 69.8909 T 31034 - 69.1603 T 31035 - 69.8214 T 31036 - 6).8464 T 31037 - 69.6919 T 31038 - 69.7047

T 31039 - 69.3945 T 31040 -- 69.6164 T 31049 - 69.7195 T 31050 - 69.7132 T 31053 - 69.7849 T 31052 - 69.4007

T 31053 - 69.8617 T 31054 - 69,9160 T 31035 - 69,9137 T 31036 - 69,1051 T 31057 - 69.1909 T 31050 - 69.1995

T 31059 - 69.9024 T 31060 - 69.9156 T 31061 - 69,9044 T 31062 - 69.1949 T 31063 - 69.8014 T 31064 - 69.1015
T 31065 - 69.7937 T 31066 - 69.7931 T 31067 - 69.8044 T 31060 - 69.8193 T 31069 - 69.8335 T 31070 - 70.0739

T 31071 - 69.9600 T 31072 - 69.9143 T 31073 - 69.9011T 31074 - 69.0955 T 51075 - 69.9134 T 31076 - 69.9381

T 31077 - 69.9835 T 31071 - 69.8971T 31079 - 69.0734 T 31080 - 69.0898 T 31081 - 69.8013 T 31082 - 69.7615

T 31083 - 69.8336 T 31004 - 69,7766 T 32005 - 70.9664 T 32006 - 70.9659 T 32007 - 70.9%43 T 32008 - 70,9607

T 32009 - 70.9627 T 32010 - 70.9621T 32011 - 70.9654 T 32012 - 70.9726 T 32013 - 70.9665 T 32014 - 70.9635

T 32013 - 70.9631T 32016 - 70.9941 T 32017 - 70.9644 T 32011 - 70.%640 T 32019 - 70.9666 T 32020 - 70.9663

T 32021 - 70.9657 T 32022 - 70.9653 T 32023 - 70.9649 T 32024 - 70._H_40 T 32025 - 70.9604 T 32026 - 70.9640

T 32027 - 70.9630 T 32021 - 70.9633 T 32029 - 70.9616 T 32030 - 70.IH134 T 32031 - 70.9632 T 32032 - 70.9611
T 32033 - 70.9703 T 32034 - 70.9696 T 32035 - 70.9684 T 32036 - 70._90 T 32037 - 70,9640 T 32031 - 70,9643

T 32039 - 70.9602 T 32040 - 70.9610 T 32049 - 70.9668 T 32050 - 70.gH_63 T 32031 - 70.9667 T 32052 - 70.9673

T 32053 - 70.9693 T 32054 - 70.9711T 32055 - 70.9733 T 32058 - 70.9708 T 32057 - 70.9712 T 32058 - 70.9712

T 32059 - 70.9713 T 32060 - 70.9719 T 32061 - 70.9716 T 32062 - 70.9714 T 32063 - 70.9680 T 32064 - 70.967?

T 32065 - 70.9675 T 32066 - 70.9676 T 3206? - 70.9640 T 32068 - ?0.9645 T 32069 - 70.9690 T 32070 - 70,9761

T 32071 - 70.9726 T 32072 - 70.9713 T 32073 - 70.9710 T 32074 - 70.9708 T 32073 - 70,9713 T 32076 - 70.9720

T 32077 - 70.9?37 T 32070 - 70,9711T 32079 - 70.9706 T 32080 - 70.9712 T 32011 - 70.9611T 32002 - 70.9663

T 32083 - 70.9684 T 32014 - 70.9664 T 33005 - 70.9993 T 33006 - 70.9993 T 33007 - 70.9993 T 33008 - 70.9992

T 33009 - 70.9993 T 33010 - 70.9992 T 33011 - 70.9993 T 33012 - 70.9995 T 33013 - 70.9993 T 33014 - 70,9493

T 33015 - 70.9993 T 33016 - 70.9993 T 33017 - 70.9993 T 33018 - 70.9993 T 33019 - 70.9994 T 33020 - 70,9994

T 33021 - 70.9993 T 33022 - 70.9993 T 33023 - 70.9993 T 33024 - 70.9993 T 33025 - 70.9992 T 33026 - 70.9993

T 33027 - 70.9993 T 33020 - 70.9993 T 33029 - 70.9992 T 33030 - 70.9993 T 33031 - 70.9993 T 33032 - 70.9993

T 33033 - 70.9994 T 33034 - 70.9994 T 33035 - 70.99%4 T 33036 - 70.99%4 T 33037 - 70. 9993 T 33031 - 70.9993

T 33039 - 70.9992 T 33040 - 70.9992 T 33049 - 70.9994 T 33050 - 70.9993 T 33051 - 70.9994 T 33052 - 70.9994

T 33053 - 70.9994 T 33054 - 70.9994 T 33055 - 70.9995 T 33056 - 70.99%4 T 33057 - 70.9995 T 33058 - 70.9995

T 33059 - 70.9995 T 33060 - 70.9995 T 33061 - 70.9993 T 33062 - 70.9995 T 33063 - 70.9994 T 33064 - 70.9994
T 33065 - 70.9994 T 33066 - 70,9994 T 33067 - 70.9994 T 33068 - 70.99%4 T 33069 - 70.9994 T 33070 - 70.9996

T 33071 - 70.9995 T 33072 - 70.9995 T 33073 - 70.9995 T 33074 - 70.9%94 T 33075 - 70.9993 T 33076 - 70,9995

T 33077 - 70.9995 T 33078 - 70.9995 T 33079 - 70,9993 T 33000 - 70.9995 T 33001 - ?0.9994 T 33012 - 70,99_4

T 33013 - 70.9994 T 33084 - 70.9993 T 34005 - 71.0000 T 34006 - 71.0000 T 34007 - 71.0000 T 34008 - 71.0000

T 34009 - 71.0000 T 34010 - 71,0000 T 34011 - 71.0000 T 34012 - 71,0000 T 34013 - 71.0000 T 34014 - 71.0000

T 34015 - 71.0000 T 34016 - 71,0000 T 34017 - 71.0000 T 34018 - 71.0000 T 34019 - 71.0000 T 34020 - 71.0000

T 34021 - 71.0000 T 34022 - 71.0000 T 34023 - 71.0000 T 34024 - 71.0000 T 34025 - 71.0000 T 34026 - 71.0000

T 34027 - 71.0000 T 34028 - 71.0000 T 34029 - 71.0000 T 34030 - 71.0000 T 34031 - 71.0090 T 34032 - 71.0000

T 34033 - 71.0000 T 34034 - 71.0000 T 34035 - 71.0000 T 34036 - 71,0000 T 34037 - 71.0000 T 34030 - 71.0000

T 34039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34050 - 71.0000 T 34051 - 71.0000 T 34052 - 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 34056 - 71,0000 T 34057 - 71.0000 T 34051 - 71.0000

T 34059 - 71.0000 T 34060 - 71.0000 T 34061 - 71.0000 T 34062 - 71.0000 T 34063 - 71.0000 T 34064 - 71.0000

T 34065 - 71.0000 T 34066 - 71.0000 T 34067 - 71.0000 T 34068 - 71.0000 T 34069 - 71.0000 T 34070 - 71.0000

T 34071 - 71.0000 T 34072 - 71.0000 T 34073 - 71.0000 T 34074 - 71.0000 T 34075 - 71.0000 T 34076 - 71.0000

T 34077 - 71.0000 T 34071 - 71.0000 T 34079 - 71.0000 T 34080 - 71.0000 T 34001 - 71.0000 T 34082 - 71.0000

T 34083 - 71.0000 T 34014 - 71.0000 T 42006 - 17.2771 T 42013 - 86.9521 T 42020 - 11.4019 T 42027 - 86.0651

T 42001 - 15,13|2 T 42015 - $7,0174 T 42022 - 11.3611T 42029 - 13.7081T 42010 - 17.9163 T 42017 - 80.6679
T 42024 - 17.7066 T 42031 - 08.0456 T 42050 - 85.3406 T 42057 - 80.2460 T 42064 - 87.0103 T 42071 - 89.1036

I(c) COPYRIGHT 1912,1913,19|4,19|5,1986,1987 J.D.GJ_SKZ SIMDA/1917/_qSI 1.31NZTWORK ANALYSIS A3$OCIATES, INC. - PAGE 27

STS 36 PRZ-_UWCH SURFACE F._VII_ONI4BNT MCOEL (A',I)

T 42052 - 86.7887 T 42059 - 88.7320 T 42066 - 47.2879 T 42073 - 08.8798 T 42054 - 89.0147 T 42061 - 00.6610

T 42068 * 87.7244 T 42075 " 09.0357 T 43006 " 67.6098 T 43013 " 66.8210 T 43020 - 69.2761 T 43027 - 66.3360

T 43008 - 64.5073 T 43015 - 66.5577 T 43022 - 68.7931 T 43029 - 63.5200 T 43010 - 66.3699 T 43017 - 67.5119
T 43024 - 66,9732 T 43031 - 67.3614 T 43050 " 71.5778 T 43037 - 79.9599 T 43064 - 70.0520 T 43071 - 71.9182

T 43052 - 73.1771 T 43059 - 10.3809 T 43066 " 70.3505 T 43073 - 71.7436 T 43054 " 75.5%44 T 43061 - |0,7250

T 43060 " 71.0121T 43075 - 71.9664 T 0000 - 37.7424 T 8003 - 39.3291T 1010 " 31.7731 T 1011 - 43,47|2

T 0015 - 37.7611 T |016 - 42.2911 T 8020 - 39.3056 T 8025 - 30,9011 T 0030 - 40.0140 T 8035 - 46,9027

T 6000 " 32.9411 T 6010 " 33.5078 T 6020 " 33.4263 T 6030 - 33.4062 T 6040 " 33.2539 T 6050 " 33.2731

T 6060 - 33.2272 T 6070 - 33.0117 T 6010 - 33.0090 T 6090 - 32.9753 T 6001 " 33.4641 T 6011 - 33,4135

T 6021 - 33.3366 T 6031 " 33.2266 T 6041 " 33.1933 T 6051 - 33.1619 T 6061 " 33.1240 T 6071 - 33.0906

T 6081 - 33.0177 T 6091 " 32.0302 T 500 " 34.3054 T 301 - 34.2114 T 502 - 34.9950 T 503 " 34.6769

T 9000 - 30.3466 T 9001 - 30.3404 T 9002 - 30.3472 T 9003 - 30.3435 T 40 - 55.6000 T 9999 - 30.6677

T 7000 - -423.0000 T 7001 " -297.0000 T 7002 " 55.0000 T 7003 " I0.0000 T 1810 " 55.6000 T 1019 " 58.0000

T 8890 - 0.0000 T 8891 - 236.0000 T 0892 - 9.0000 T 13001 - 0.0000 T 13002 - 0.0000 T 13003 - 0.0000

T 13004 - 0.0000 T 13005 - 0.0000 T 13006 - 0.0000 T 13007 - 0.0000 T 13001 - 0.0000 T 13009 - 0.0000
T 13010 - 0.0000 T 13011 - 0.0000 T 13012 - 0.0000 T 13013 - 0.0000 T 13014 - 0.0000 T 13015 - 0.0000

T 13016 - 0,0000 T 13017 - 0.0000 T 13011 - 0.0000 T 13019 - 0,0000 T 13020 - 0.0000 T 13021 - 0.0000

T 13022 - 0.0000 T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000

T 13021 - 0.0000 T 13029 - 0.0000 T 13030 - 0.0000 T 13031 - 0.0000 T 13032 " 0.0000 T 13033 - 0.0000

T 13034 - 0.0000 T 13035 - 0.0000 T 13036 - 0.0000 T 13037 - 0.0000 T 16001 - 2333.6368 T 16002 - 4090,1211

T 16003 - 3775.2131 T 16004 - 2612.9860 T 16005 - 2131.0383 T 16006 - 3956.4485 T 16007 - 3267,7026 T 16008 - 2607.2752

T 16009 - 1917.0406 T 16010 - 3682.0713 T 16011 - 3432.2995 T 16012 - 2631.2604 T 16013 - 3299.2570 T 16014 - 4567.7411
T 16013 - 4315,1113 T 16016 - 3204.2794 T 16017 - 0.0000 T 16011 - 0.0000 T 16019 - 0,0000 T 16020 - 0,0000

T 16021 - 1235.9516 T 16022 - 1435.2512 T 16023 - 1532.1887 T 16024 - 1767.9347 T 16025 - 1752.7419 T 16026 " 2026.3174

T 16027 - 035.5143 T 16021 - 2671.3237 T 16029 - 0.0000 T 16030 - 0.0000 T 16031 - 0.0000 T 16032 - 0.0000

T 16033 - 237.4736 T 16034 - 174.6521T 16035 - 417.6749 T 16036 - 1207.7181T 16037 - 0,0000 T I01 - 12.2340

T 102 - 12.0230 T 103 - 11.9231 T

T I01 - 9.2_1 T 109 - 10.6136 T
T 11 _ - 5.1546 T 115 - 5.9083 T

T 120 - 7,5632 T 121 - 14.3456 T

T 126 - 13.0222 T 127 - 17.?070 T

T 132 - 14.8286 T 133 - 13.1342 T

T 151 - 0.7396 T 132 * 0.7261 T

T 157 - 0.5744 T 158 - 0.3620 T

T 163 - 0.2456 T 164 - 0.3116 T

T 169 - 0.6340 T 170 - 0.4572 T

T 175 - 0.9100 T 176 - 0.7172 T

T 111 - 1.1140 T 182 - 0.Sq_N_4 T

T 117 - 1.5840 T 201 - 0.0010 T

T 206 - 0.0017 T 207 - 0.0014 T

T 212 - 0.0012 T 213 - 0,0013 T

T 211 - 0.0000 T 219 - 0.0000 T

T 224 - 0.0017 T 225 - 0.0010 T

T 230 - 0.0000 T 231 - 0.0000 T

T 236 - 0.0009 T 237 - 0,0000 T
T 405 - 0.0000 T 406 - 0.0000 T

T 411 - 0,0000 T 412 - 0.0000 T
T 417 - 0.0000 T 411 " 0.0000 T

T 423 - 0.0000 T 424 - 0.0000 T

T 429 - 0,0000 T 430 - 0.0000 T

T 435 - 0.0000 T 436 - 0,0000 T

104 - 11.9635 T 105 - 9.7005 T 106 -

110 - 10.2497 T 111 - 11.1430 T 112 - 10.1316 T
116 o 6.7751 T 117 - 13.1611T 118 - 9.9651T

122 - 11.0834 T 123 - 11.2422 T 124 - 7.5500 T
121 - 10.0644 T 129 - 19.7115 T 130 - 16.0461 T

134 - 14.6102 T 133 - 13,4837 T 136 - 7,6492 T

133 - 0.7201 T 134 - 0.7232 T 155 - 0.5864 T

139 - 0.6416 T 160 - 0.6196 T 161 - 0.6736 T

163 - 0.3620 T 166 - 0.4096 T 167 - 0.7956 T

171 - 0.0672 T 172 - 0.6700 T 173 - 0.6796 T

177 - 1.0704 T 171 - 0.6014 T 179 - 1.1920 T

103 - 0.9584 T 184 - 0.8832 T 115 - 0.9360 T

202 - 0.0011 T 203 - 0.0016 T 204 - 0.0011 T

201 - 0.0011 T 209 - 0.0001 T 210 - 0.0016 T

214 - 0.0017 T 215 - 0.0017 T 216 - 0.0014 T

220 - 0.0000 T 221 - 0.0012 T 222 - 0.0014 T

226 - 0.0011 T 227 - 0.0005 T 224 - 0.0015 T

232 - 0.0000 T 233 - 0.0002 T 234 - 0.0001 T

401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T

407 - 0.0000 T 408 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

413 - 0.0000 T 414 - 0.0000 T 415 - 0,0000 T 416 - 0.0000

419 - 0,0000 T 420 - 0.OD00 T 421 - 0.0000 T 422 - 0,0000

423 - 0.0000 T 426 - 0.0000 T 427 - 0.0000 T 421 - 0,0000
431 - 0,0000 T 432 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

437 - 0.0000 T 701 - -0.0247 T 702 - -0.0074 T 703 - -0,0103

9.0123 T 107 - 9.5681

113 - 4.0620
119 - 10.8187

123 - 13.0336

131 - 19.5862

137 - 26.2032

156 - 0.5440

162 - 0.6552

161 - 0.6024

174 - 0.4364

110 - 0.9700

186 - 0.4624

205 - 0.0009

211 - 0.0015

217 - 0.0000

223 - 0.0015

229 - 0.0000

235 - 0.0004

404 - 0.0000
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T 704 - -0.0216 T 705 - -0.0210 T 706 - -0.000i T 707 - -0.0093 T ?08 - -0.0154 T 709 - -0.0249

T 710 - -0.0068 T 711 - -0.0114 T 712 - -0.0104 T 713 - 0.0016 T 714 - 0.0172 T 715 - 0.0099

T 716 - -0.0016 T 717 - -0.0791T 718 - -0.0723 T 719 - -0.0710 T 720 - -0.0604 T ?21 - -0.0224

T 722 - -0.0114 ? 723 - -0.0088 T ?24 - 0.0049 T 725 - -0.0309 T 726 - -0.0242 T ?27 - -0.0448

T 728 - -0.0096 T ?29 - -0.1000 T 730 - -0.0791T 731 - -0.0968 T 732 - -0.0735 T 733 - -0.0456

T 734 - -0.0451 T 735 - -0.0419 T 736 - -0.0147 T 737 - -0.2291T 801 - 0.0416 T 102 - 0.1080

I(C) COPYRIGHT 1982o1_3.1N4,19|5.1886,1887 J.D.G._3KI SINDAJl�O?/ANSI 1.31N[TNORK A/(ALYSIS ASSOCIATE;S, INC. - PAG_ 20

$TS 36 p_-LAU%CH SURFACE LIffVIN:311OllqT NOO_L IA-.4)
T 803 - 0.0ll9 T 804 - 0.0387 T 105 - 0.0000 T 806 - 0.0293 T 107 - 0.0113 T 101 - 0.0000

T 809 - 0.0000 T 810 - 0.0056 T 811 - 0.0134 T 112 - 0.0000 T 813 - 0.0112 T 814 - 0.0581

T 815 - 0.0453 T 116 - 0.0122 T 817 - 0.0000 T 811 - 0.0000 T 819 - 0.0000 T 820 - 0.0000

T 821 - 0.0297 T 822 - 0.0000 T 123 - 0.0037 T 124 - 0.0480 T 825 - 0.0000 T 026 - 0.0000

T 027 - 0.0000 T 024 - 0.0000 T 129 - 0.0000 T 030 - 0.0000 T 131 - 0.0000 T 832 - 0.0000

T 033 - 0.0000 T 834 - 0.0000 T 835 - 0.0096 T 136 - 0.0000 T 037 - 0.0000 T 901 - 95.0927

T 902 - 213.2700 T 903 - 173,0079 T 904 - 75.6362 T 905 - 0.0000 T 906 - 57.2741T 907 - 22.0232

T 908 - 0,0000 T _O9 - 0,0000 T 910 - 11.0312 T 911 - 26.2100 T 912 - 0.0000 T 913 - 21.0540

T 914 - 113.6494 T 915 - 94.4402 T 916 - 23.9574 T 917 - 0.0000 T 911 - 0.0000 T 919 - 0.0000

? 920 - 0.0000 T 921 - 25.1449 T 922 - 0,0000 T 923 - 3.1054 T 924 - 41.1953 T 925 - 0.0000

? 920 - 0.0000 T 927 - 0.0000 T 920 - 0.0000 T 929 - 0.0000 T 930 - 0.0000 T 931 - 0,0000

T 932 - 0.0000 T 933 - 0.0000 T 934 - 0.0000 T 935 - 10.6392 T 950 - 0.0000 T 937 - 0.0000

7I_'_- 2.250006+01, DTII*J_U- 2.500006-03, CSC, HIM( 210375- 1.115516-05. ATHJPCC( 0)- 0.00000E+00, DTI_CC( 1024)--1.643396-01

IDOPCT- 2 , ARIJ(CC( 0)- 0.00000E+00, DP.LXCC( 10245- |,411796-04

T 1001 - 31.5211 T 1002 - 35.1121T 1003 - 36.3701 T 1004 - 31.1242 ? 1005 - 35.7400 T 1006 - 32°0399

T 1007 - 30.3241T 1008 - 35.1215 T 1009 - 37.3047 T 1010 - 33.9134 ? 1011 - 35.1666 T 1012 - 36.3129

T 1013 - 31.1172 T 1014 - 26.9763 T 1015 - 29.7234 T 1016 - 32.4209 T 1017 - 41.2120 T 1011 - 49.1845

T 1019 - 47.6439 ? 1020 - 47.9131T 1021 - 37.1911T 1022 - 35,7626 T 1023 - 34.0029 T 1024 - 31.8124

? 1025 - 38.0222 T 1026 - 37.6197 T 1027 - 39.1760 T 1028 - 35.0075 T 1029 - 44.1955 T 1030 - 43.1517

T 1031 - 44.4112 T 1032 - 42.4653 T 1033 - 40.6623 T 1034 - 40.5378 T 1035 o 40.6337 T 1036 - 37.8?23

T 1037 - 52.4590 T 2001 - 2.7562 T 3001 - -79.4767 T 4001 - -103.4609 T 5001 - -327.8687 T 2002 - 0.2600

T 3002 - -81.6447 T 4002 - -115.0135 T 5002 - -328.5250 T 2003 - 0.7214 T 3003 - -81.2446 T 4003 - -144.7270

T 5003 - -328.4041 T 2004 - 2.3748 T 3004 - -79.1080 T 4004 - -113.6979 T 5004 - -327.9609 T 2005 - 0.1275

T 3005 - -11.7605 T 4005 - -105.0976 T 5005 - -321.5653 T 2006 - -3.3621T 3006 - -14.7925 T 4006 - -187.2695

T 5006 - -329.4853 T 2007 - -1.2084 T 3007 - -|2.9214 T 4007 - -185.9291T 5007 - -328.9160 T 2008 - 0.2102

T 3008 - -01.6087 T 4001 - -115.0451 T 5001 - -328.5423 T 2009 - 1.0781T 3009 - -80.4127 T 4009 - -114.1315

T 5009 - -320.1545 T 2010 - -1.5955 T 3010 - -13.2574 T 4010 - -116.1695 T 5010 - -329.0171 ? 2011 - -0.4140

T 3011 - -12.2309 T 4011 - -185.4339 T 5011 - -328.?051T 2012 - 0.7331T 3012 - -11.2342 T 4012 - -104.7200
T $012 - -321.4035 T 2013 - -4.2321 T 3013 - -15.5505 T 4013 - -187.1149 T 5013 - -329.7221 T 2014 - -0.1307

T 3014 - -18.9412 ? 4014 - -190,2431T 5014 - -330,7511 ? 2015 - -5.54£4 T 3015 - -86.6910 ? 4015 - -111.6310

T 5015 - -330.0664 T 2016 - -3.0032 T 3016 - -04.4812 T 4016 - -107.0476 T 5016 - -329.3_17 T 2017 - 49.1270

T 3017 - 50.1115 T 4017 - 52.4904 T $017 - 54.1640 T 2018 - 45.9155 T 3018 - 51.3735 T 4011 - 52,8208

T 5011 - 54.2?59 T 2019 - 40.5690 T 3019 - 50.4154 T 4019 - 52.2531 ? 5019 - $4.0853 T 2020 - 41.1659

T 3020 - 50.6261T 4020 - 52.3797 T S020 - 54.1272 T 2021 - 8.0769 T 3021 - -58,6015 T 4021 - -140.0680

T 5021 - -239.5?29 T 2022 - 6.0926 T 3022 - -60.2606 T 4022 - -141.2815 T 5022 - -240.0264 T 2023 - 5.0086

T 3023 - -61.1746 ? 4023 - -141.8842 T 5023 - -240.2617 T 2024 - 2.4713 T 3024 - -63.3015 T 0024 - -143.3529

T 5024 - -240.8307 T 2025 - 0.1984 T 3025 - -50.5010 T 4025 - -139.9949 T 5025 - -239.5454 T 2026 - 7.1243
? 3026 - -58.8113 T 4026 - -140.2236 T S026 - -239.6333 T 2027 - 9.9221T 3027 - -57.0742 ? 4027 - -138.9415

T S027 - -239.1423 T 2021 - 5.4425 T 3021 - -60,8095 T 4021 - -141.6322 T 5028 - -240.1727 T 2029 - 14.5882

T 3029 - -53.2012 T 4029 - -136.0065 T 5029 - -238.0538 T 2030 - 12.9730 T 3030 - -54.$477 T 4030 - -137.0776

T 5030 - -230.433| T 2031 - 14.1375 T 3031 - -$3.5827 T 4031 - -136.3642 T 5031 - -231.1602 T 2032 - 12.3282

T 3032 - -55.0023 T 4032 - -137.4721 T 5032 - -238.5855 T 2033 - 4.3309 T 3033 - -78.1238 T 4033 - -179.2811

T 5033 - -324.8149 T 2034 - 4,2127 T 3034 - -78.2218 T 4034 - -179.3607 T 5034 o -324.84?2 T 2035 - 4.3037
T 3035 - -78.1463 T 4035 - -179.3041 T 5035 - -324.0227 T 2036 - 1.6150 T 3036 - -00.3135 T 4030 - -100,9007

T 5036 - -325.5110 T 203? - 55.9512 T 303? - 62.8933 T 4037 - 69.7755 T 5037 - 76,6001T 21001 - -422,9850

T 21002 - -422.9001T 21003 - -422.9011T 21005 - -422.9805 T 21006 - -422.9798 T 21007 - -422.9816 T 21009 - -422.9051

T 21010 - -422.9806 T 21011 - -422.9810 T 21013 - -422.9848 T 21010 - -422.9809 T 21015 - -422.9818 T 21004 - -422.9843

T 21008 - -422.9836 T 21012 - -422.9135 T 21016 - -422.9035 T 21017 - 54.9990 T 21018 - 54.9998 T 21019 - 54.9998

T 21020 o 54.9990 T 21021 - -296.9905 T 21022 - -296.9907 T 21023 - -296.9901 T 21024 - -296.9909 T 21025 - -296.9909
T 21026 - -296.9912 T 21027 - -296.9913 T 21021 - -296.9911T 21029 - -296.9970 T 21030 - -296.9960 T 21031 - -296.9967

T 21032 - -296.9_67 T 21033 - -422.9040 T 21034 - -422.9058 T 21035 - -422.9054 ? 21036 - -422,9863 T 21037 - 79.9991

T 12001 - 46.5794 T 12002 - 49.8979 T 12003 - 48.1295 T 12004 - 48.8126 T 12041 o 49.7023 T 12042 - 48.0910
? 12043 - 48.1854 T 12044 - 46.3125 T 12045 - 49.3400 T 12046 - 40.9883 T 12047 - 49.5210 T 12048 - 50.5181

T 12085 - 49.2551T 12086 - 47.9046 T 12087 - 41.4567 T 12018 - 46.1130 T 12005 - 49.0446 ? 12012 - 53.1022

1(C) COPYRZGKT 1902.1903,1914,1905,1986,1917 J.D.GASKI 51NDA/191?/AN51 1.31 N_TNOI_ A,q.q,LYSIS ASSOCIATI_S, ZHC. - PAGE 29

ST5 36 PRE-LAUNCH SURFACI_ p+IMV_I_ONNLWT 1400_L |A'.8)
T 12019 " 49.4050 T 12026 - 49.2023 T 12006 " 49.0853 T 12013 " 50.8142 T 12020 - 49.3523 T 12027 - 49,4141

T 12007 " 48.1017 T 12014 " 49.3141 T 12021 " 48.7795 T 12028 " 48.6704 T 12008 " 48,7530 T 12015 - 48,7464

T 12022 - 48.3215 T 12029 " 47.0032 T 12009 - 48.?702 T 12016 - 41.3481 T 12023 - 48.3345 T 12030 - 48.0359

T 12010 - 49.3260 T 12017 - 49.0552 T 12024 - 40.7978 T 12031 - 4|.2255 T 12011 - S0.$465 T 12011 - S0.0235

T 12025 - 50,0604 T 12032 - 48,7201T 12033 - 51.9325 T 12034 - 51.0314 T 12035 - 51.1548 T 12036 - 50.9116

T 12037 - 50.0069 T 12031 - 50.0479 T 12039 - 48.7244 T 12040 - 48.9544 T 22001 - 49.0991T 22002 - 50.7000

T 22003 - 49.$568 T 22004 - 50.0455 T 22041 - 50.0540 T 22042 - 49.7865 T 22043 - 47.1454 T 22044 - 46.8551
T 12049 - 50.6213 T 12056 - 49,9714 T 12063 - 50.7515 ? 12070 - $3.5564 T 12050 - 50.0600 ? 12057 - 50,1890

? 12064 - 50.7173 T 12071 - 51,7_17 T 12051 - 50.4781T 12058 - 50,1476 T 12065 - 50.6259 T 12072 - 51.1191

T 12052 - 50.4061T 12059 - 50.1427 T 12060 - 50.6413 ? 12073 - $1.1981T 12053 - 50.6133 T 12060 - 50.1871

T 12067 - 50.6539 T 12074 - S0.8279 T 12054 - 51.35_J_ T 12061 - 50.1651 T 12068 - 50.7824 T 12075 - $1.0443

T 12055 - 52.3591 T 12062 - S0.2836 T 12069 - 51.1749 T 12070 - 51.7791T 12077 - 52.6079 T 12078 - 51.0942

T 12079 - 51.1067 T 12080 - 50.2396 T 12081 - 51.4148 T 12082 - 51.2305 T 12003 - 51,6227 T 12084 - 50.4070

T 22045 - S0.4112 T 22040 - 50.6649 T 22047 - 51.1497 T 22048 - 52.3881T 22085 - 49,9038 T 22000 - S0.3001

T 22087 o 48,?153 T 22088 - 40.0044 T 22005 - 49.0581T 22006 - 49.0987 T 22007 - 40.1153 T 22001 - 48,7673

T 22009 - 4|.?198 T 22010 - 49.3392 T 22011 - 50.5590 T 22012 - 53.1131T 22013 - 50.8264 T 22014 - 49.3973

T 22015 - 48.7602 T 22016 - 48.3620 T 22017 - 49.0610 T 22011 - 50.0362 T 22019 - 49.4181T 22020 - 49,3054

T 22021 - 48.?930 T 22022 - 48.3353 T 22023 - 48.3483 T 22024 - 48.8113 T 22025 - 50.0001T 22026 - 49.2150

? 22027 - 49.4272 T 22020 - 48.6840 T 22029 - 47.09?4 T 22030 - 40.0499 T 22031 - 40.2393 T 22032 - 48.7335

T 22049 - 50.6336 T 22050 - 50.6729 T 22051 - 50.4906 T 22052 - 50.4906 T 22053 - 50.6258 T 22054 - 51.3717

T 22055 - 52.3?05 T 22056 - 49.9043 T 22057 o 50.2024 T 22058 - 50.1604 T 22059 - 50.1555 T 22060 - 50.1999

T 22061 - 50.1700 T 22062 - S0.254 T 22063 - 50.7631 T 22064 - 50.7296 T 22065 - 50.6302 T 22060 - 50.6537

T 22007 - 50.6663 T 22068 - 50.?_47 T 22069 - 51.1170 T 220?0 - 53.5671 T 22071 - 51.8064 T 220?2 " 51.2020

T 22073 - 51.2103 T 22074 - 50.8403 T 22075 - 51.0566 T 220?6 - 51.7909 T 22033 - 51.9441T 22034 - 51.0430

T 22035 - 51.1668 T 22030 - 50.9230 T 22037 - 50.1190 T 22038 - 50.0600 T 22039 - 48,7382 T 22040 - 48,9677

T 220?7 - 52.0192 T 22074 - 51.9059 T 220?9 - 51.1188 T 22080 o 50.2524 T 22081 - 51.4267 T 22082 - $1,2424

T 22083 - 51,6344 T 22084 - 50.4195 T 31005 - 69.5055 T 31006 - 09.4978 T 31007 - 69.4405 T 31008 - 69.3£46

T 31009 - 69.4103 T 31010 - 69,4222 T 31011 - 69.$240 T 31012 - 09.7680 T 31013 - 69.SS64 T 31014 - 69.4431

T 31015 - 69,4200 T 31016 - 69.4417 T 31017 - 69.4556 T 31011 - 69,4625 ? 31019 - 69.4_18 T 31020 - 69.4045

T 31021 - 69.4593 T 31022 - 69.4437 T 31023 - 69,4345 T 31024 - 69.4173 T 31025 - 69.3434 T 31020 - 69.4672

T 31027 - 09.4713 T 31020 - 69.4311 T 31029 - 69,3?33 T 31030 - 69,4025 T 31031 - 69.3765 T 31032 - 69.3593

T 31033 - 69.6535 T 31034 - 69.6217 T 31035 - 69,5011 T 31036 - 69.$964 T 31037 - 09.4387 T 31030 - 09.4522

T 31039 - 69.3175 T 31040 - 69.3424 T 31049 - 69.53£4 ? 31050 - 09.$321 T 31051 - 69.$302 T 31052 - 69.$463

T 31053 - 69.6096 T 31054 - 69.6732 T 31055 - 69.7530 T 31056 - 69.6249 T 31057 - 69.6413 T 31058 - 69.6411

T 31059 - 69.6450 T 31060 - 69.6590 T 31061 - 69.6475 T 31062 - 69.6389 T 31063 - 69o5572 T 31064 - 69.SS01

T 31065 - 69.5411 T 31066 - 65.$436 T 31067 - 69,S$28 T 31060 - 69.5693 T 31069 - 69.5899 T 31070 - 09.4572

T 31071 - 69.?222 T 31072 - 69,6695 T 31073 - 69.6574 T 31074 - 69.6475 T 31075 - 69.6605 T 31076 - 69,7010

T 31077 - 69.7546 T 31074 - 69.6592 T 31079 - 69.6241 T 31000 - 69,6321 T 31081 - 69,$639 T 31082 - 69,$146

T 31083 o 69,$919 T 31084 - 69.$209 T 32005 - 70,9512 T 32006 - 70,9507 T 32007 - 70.9415 T 32001 - 70.9440
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T 32009 - 70.9466 T 32010 - 70.9460 T 32011 - 70.9503 T 32012 - ?0.9600 T 32013 - 70.9511 T 32014 o 70.9476
T 32015 - 70.9470 T _2016 - 70.9413 T 32017 - 70.941£ T 32011 - 70 9483 T 32019 - 70
T 32021 - 70.9500 T 32022 - 70.9494 T 32023 - 70.9490 T 32024 - 70"94?9 T 3202- .9513 T )2020 - 70.9508
T 32027 - 70.9494 T 32021 - 70.9475 T 32029 - 70.9451 T 32030 70"_u_1 , ,, : - ?0.9433 T 3202£ - ?0.9492

T 32033 - 70.956£ T 32034 - 70.955£ T 32035 - 70.9539 T 32036 - 70.9547 T 32037 - 70 9" .-_-- + a_031 - 70.94£6 T 32032 - 70.9450
T 32039 - ?0.9430 T 32040 - ?0.9440 T 32049 - 70.9511 T 32050 - ?0 q_,_ _ _,t. . 410 T 32031 - 70.9414

T 32053 - 70.9554 T 32054 - 70.9576 T 32055 - 70.960£ T 32056 70"_; _ _,w_ - 70.9517 T 32052 - ?0.9525
" _ ..... - _2057 - 70.9574 T 32058 -

T 32059 - 70.9376 T 32060 - ?0.9583 T 32061 - 70.9579 T 32062 - ?0.9576 T 32063 ?0 9 ?0.95?4
T 320£S - ?0.952£ T )206£ - _ 70.952? T 3206? . _0.9532 T 32068 - :_70.9539 T 32069 " 70.9_32 T 32064 - 952970.
T 32071 - ?0.9396 T 320?2 - 70.9577 T 320?3 - 0.9573 T 32074 - 70 9_n _ _^_ " • 4_ T 320?0 - ?0.9645

T 32077 . 70.9610 T 32071 - 70.9574 T 32079 . 70 9566 T 3208n _';_ - J.v.5 - 70.9571 T 3207£ . ?0.9588
T 32083 - ?0.9540 T )2084 - 70.9513 T 33005 - " - " -v._a_a T 320£1 - ?0 9534 T .

70.9919 T 3300£ - ?0 99t9 T 3)^^7 --" 320£2 70.9510
T 33009 - 70.9917 T 33010 - 70.9917 T 33012 - ?- - vv - 10.9961 T 33004 - 70.9949

0.9901 T 33012 - 70.9991T 33013 - 70.9919 T 33014 - 70.9941
T 330]5 - 70.9911 T 33016 - 70.9908 T 33017 - 70.9901 T 33011 - 70.9901 T 33029 - 70.9919 T 33020 - 70.99£9

T 33022 - ?0.9969 T 33022 - 70.9990 T 33023 - 70.9914 T 33024 - 70.99£0 T ))025 - 70.9907 T 33026 - 70.9911
T )3027 - 70.9901 T 33028 - ?0.99£0 T 33029 - ?0.9957 T 33030 - 70.9911 T 33031 - 70 99£

,330)+. ?0,,,0, 3303,. ?0,,,0, 3)035. _:::: I _- 70,,,0, 33037. ?0:,,1:_ _: : 709,1?
T 33039 - 70.9987 T 33040 - 70.9917 T 33049 - - -- - _vau - 70.9919 T 33051 - ?0.9919 T 33052 - 70.9989--- ?0.99£1

I(C) COPYRIGHT 1982,1913.1904,1915,19|6o19|? J.D.GA.qRI $1ND/_/19|7/J_151 1.31 Ifl_ICRR AN.au_.Y$i$ A£$OCZ&I"IZS. ZNC. - PAGE 30

STS 3£ PRE-Z,AUNCH SURFACE Z)n/XRON_NT MICOEL (A-.I)

T 33053 - 70.9990 T 33054 - 70.9990 T 33055 - 70.9991T 3305£ - 70.9990 T 33057 - 70.9990 T 33054 - 70.9990

T 3)059 - 70.9991T 33060 - 70.9991 T 33081 - 70.9991 T 33062 - 70.9991T 33063 - 70.9909 T 33064 - 70.9919

T 330£5 - ?0.9999 T 3306£ - 70.9919 T 33067 - 70.9949 T 33064 - 70.9990 T 33069 - ?0.9990 T 330?0 - ?0.9992

T 33071 - 70.9991 T 33072 - 70.9990 T 3307) , 70.9990 T 330?4 - 70.99_) T 330?5 - 70.9990 T 3307£ . 70.9991

T 33077 , 70.9991 T 33074 - 70.9990 T 33079 - 70.9990 T 33010 - 70.9990 T 33011 - ?0.9989 T 33082 , ?0.9989
T 3308) - ?0.9909 T 33014 - 70.9919 T 34005 , ?1.0000 T 34006 - 71.0000 T 34007 - 71.0000 T 34001 - 71.0000

T 34009 - 71.0000 T 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000 T )4013 - 71.0000 _ 34014 - 71.0000

T 34015 - 71.0000 T 34016 - 71.0000 T )4017 - 71.0000 T )401£ - 71.0000 T )4019 - 71.0000 T 34020 - 71.0000

T 34021 - ?1.0000 T 34022 - 71.0000 T 34023 - 71.0000 T 34024 - 71.0000 T 54025 - 71.0000 T 3402£ , 71.0000

34027 . 71.0000 T )4028 - 71.0000 T 34029 - ?1.0000 T )4030 - 91.0000 T 34031 , 71.0000 T 34032 - 71.0000

T 34033 - 71.0000 T 34034 o 71.0000 T 34035 - 71.0000 T 31036 - 71.0000 T 34039 - 71.0000 T 34038 - 72.0000

T 34039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34050 - 71.0000 T 3405] - 71.0000 T 34052 - 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 3403£ - 71.0000 T 34057 - 71.0000 T 34051 - 71.0000

T 34059 - 91.0000 T 34060 , 71.0000 T 36061 , 71.0000 T 34062 - 71.0000 T 34063 - 71.0000 T 34064 - 71.0000

T 34065 - 71.0000 T 3406£ - 71.0000 T 340£7 - 71.0000 T 34061 - 71.0000 T 34069 - 71.0000 T 3t070 - ?_.0000

T 34071 - 71.0000 T 34072 - 71.0000 T 31073 - 71.0000 T 34074 - 71.0000 T 34075 - 71.0000 T 34076 , 71.0000

T 34077 . 71.0000 T 340?8 - 71.0000 T 34079 - 71.0000 T 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000

T 34013 - 71.0000 T 34004 - 71.0000 T 42006 - 14.0653 T 42013 - 84.6225 T 42020 - 85.9323 T 4202? - $).7291

T 42004 - 02.8595 T 42015 - 84.598£ T 42022 - 45.452? T 42029 - 13.3)19 T 42010 - 15.5142 T 42017 - 1£.1915
T 42024 - 45.2709 T 42031 - 05.5400 T 42050 - 13.1605 T 42057 - 85.9106 T 42064 - 14.72|4 T 42071 - 4£.?479

T 42052 - 14.5272 T 42059 - 1£.3705 T 42066 - 14.9|19 T 42073 - 86.5121 T 42054 - 16.7044 T 42061 - 06.3014

T 420£8 - 85.4142 T 420?5 - 8£.6133 T 43006 - 69.3352 T 43013 - £8.5938 T 43020 - ?0.9482 T 4)027 - 61.0716

T 43001 - 6£.3302 T 43015 - 61.3571T 43022 - 70.5049 T 43029 - 67.2959 T 43010 - 6|.2717 T 43017 - 69.3?34

T 43024 - £8.7917 T 43031 - 69.1777 T 43050 - 72.7613 T 43057 . 00.623£ T 43064 - 71.5302 T 43071 - 73.4140

T 43052 - 74.3427 T 43059 - 11.0567 T 4306£ - 71.4325 T 43073 - 73.2342 T 43054 - 76.7402 T 43061 - 41.3551

T 430£8 - 72.4£56 T 430?5 - 73.4515 T £000 - 3?.563? T 8005 - 31.9490 T 8010 - 31.7737 T 8011 - 43.47?3

T 8015 - 3?.8499 T 1016 - 42.2910 T 1020 - 39.2341 T 8025 - 34.6595 T 8030 - 39.?464 T 1035 - 46.2?95

T 6000 - )2.4735 T £010 - )3.0258 T 6020 - 32.9387 T 6030 - 32.9163 T 6040 - 32.7652 T 6050 - )2.7134

T 6060 - 32.?384 T 6070 - 32.6034 T 6080 - 32.5245 T 6090 - 32.4912 T 6001 - 32.9279 T £011 - 32.1759

T 6021 - 32.1011 T £031 - 32.£923 T 6041 - 32.6£19 T 6051 - 32.6353 T 6061 - 32.5915 T 6071 - 32.565£

T £081 - 32.5549 T 6091 - 3].59£1 T 500 - 34.1755 T 501 - 33.9664 T 502 - 34.6495 T 503 - 34.3520
T 9000 - 30.3167 T 9001 - 30.3193 T 9002 - 30.3167 T 9003 - 30.3153 T 40 o 54.8000 T 9999 - 30.3170

T 7000 - -423.0000 T 7001 - -297.0000 T 7002 - 55.0000 T 7003 - 10.0000 T 8611 - 54.1000 T 9619 - 63.£000

T 1190 - 0.0000 T 1891 - 271.0000 T 1192 - 9.4000 T 13001 - 0.0000 T 13002 - 0.0000 T 13003 - 0.0000

T 13004 - 0.0000 T 13005 - 0.0000 T 13006 - 0.0000 T 13007 - 0.0000 T 1300| - 0.0000 T 13009 - 0.0000

T 13010 - 0.0000 T 13011 - 0.0000 T 13012 - 0.0000 _ 13013 - 0.0000 T 13014 - 0.0000 T 13015 - 0.0000

T 1301£ m 0.0000 T 13017 - 0.0000 T 13018 - 0.0000 T 13019 - 0.0000 T 13020 - 0.0000 T 13021 - 0.0000
T 13022 - 0.0000 T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000

T 13021 - 0.0000 T 13029 - 0.0000 T 13030 - 0.0000 T 13031 - 0.0000 T 13032 - 0.0000 T 13033 - 0.0000

T 13034 - 0.0000 T 13035 - 0.0000 T 13036 - 0.0000 T 13037 - 0.0000 T 16001 - 3114.0215 T 16002 - 5003.1124

T 1600) - 4657.3564 T 16004 - 3431.3733 T 16005 - 3264.6074 T 16006 - 4915.0370 T 16007 - 4226.0901 T 16001 - 3526.1£22

T 1£009 - 3031.0304 T 16010 - 4697.0394 T 16011 - 4521.2247 T 16012 - 3724.6199 T 1£013 - 3014.5302 T 16014 - 5107.2223

T 16015 - 49£3.038£ T 16016 - 3||9.3719 T 16017 - 0.0000 T 16011 - 0.0000 T 16019 0.0000 T 16020 - 0.0000T 16021 - 1733.00£9 T 16022 - 1174.3400

10812, 12036. 12042. 0.71395_-096

10813. 12036. 500. 0.120924-016

10114. 12036. 501. 0.43|05£-016

- 10115. 12036. 502. 0.23740E-076

10.5612 T 112 - 10.1167 T 113 - 4.£903 1.7841 T 109 - 9.6980 T 110 - 9.4505 T 111 -
T 114 - 4.7729 T 115 - 5.6106 T 116 -

T 120 - 7.1974 T 121 - 14 6503 T 12 6.3469 T 117 - 13.9124 T 111 - 9.$313 T 119 - 9 9136

T 12£ - 12.7445 T 127 - 1"" .... 2 - 10.9420 T 123 - 10.1740 T 124 - 7.2545 T 125 - 13T 132 - 14 375? T "- _.eez_ T 124 - 11679
_.11|6 T 129 - 11.t694 T 130 - 15.9307 T 131 - 18 4694

_ ,,- 1_6,51, 13,. 13,552, 135. 1,,86, 136- ,12,1, 137. 2,215,
" 0.1361 T 152 - 0.$240 T 153 - 0.1212 T 154 - 0.1241 T 155 - 0.5001 T 156 - 0 5004

- u.=_q$ T 154 - 0.5536 T 159 - 0.6112 T 160 - 0.5956 T 161 - 0.£656 T 162 - 0 6420

T 163 - 0.2956 T 164 - 0 3008 T 16 0.3538 T 1£6 - 0.4000 T 167 - 0.1761 T 161 - 0 6196; :_:- _, 170. 0:15),, 17_: 09252, 172. 0,19,, 1,3. 0,,12, 17,. 0,572
- u.e_ T 17£ - 0.1032 T 177 - 1.0640 T 171 - 0.6184 T 179 - 1 1640 T

1(C) COPYRIGHT 1912,1983.1944.1915.1986,1987 J.D.GA.qKI SZNDA/1917/ANSI 1.31 N_TNORR ANALYSIS "'-_---- 110 - 1.0040

STS 3£ PRZ-LAUNL"H SURFAC_ FJ_VIRONM_N'I' M[OD_L (A-.B) _-_^TI_S. INC. - PAG_ 3]

T 111 - 1.1640 T 112 - 0.9060 T 143 - 0.9992 T 114 - 0.1732 T 115 - 1.03£0 T 1££ - 0.5?52

T 187 - 1.5210 T 201 - 0.0014 T 202 - 0.0022 T 203 - 0.0020 T 204 - 0.0015 T 205 - 0.0014

T 206 - 0.0021 T 209 - 0.0011 T 201 - 0.0015 T 209 - 0.0013 T 210 - 0.0020 T 211 - 0.0020

T 212 - 0.0016 T 213 - 0.0015 T 214 - 0.0020 T 215 - 0.0019 T 216 - 0.0017 T 217 - 0.0000

T 214 - 0.0000 T 219 - 0.0000 T 220 - 0.0000 T 221 - 0.0017 T 222 - 0.0019 T 223 - 0.0020

T 224 _ 0.0020 T 225 - 0.0016 T 22£ - 0.001£ T 227 - 0.0012 T 221 - 0.0019 T 229 - 0.0000
T 230 - 0.0000 T 231 - 0.0000 T 232 - 0.0000 T 233 - 0.0000 T 234 - 0.0007 T 235 - 0.0001

T 23£ - 0.0011 T 237 - 0.0000 T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000

T 405 - 0.0000 T 406 - 0.0000 T 407 - 0.0000 T 401 - 0.0000 T 409 - 0.0000 T 410 - 0.0000

T 411 o 0.0000 T 412 - 0.0000 ? 413 - 0.0000 T 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

T 417 - 0.0000 T 416 - 0.0000 _ 419 - 0.0000 T 420 - 0.0000 T 122 - 0.0000 T 422 - 0.0000

T 423 - 0.0000 T 421 - 0.0000 T 425 - 0.0000 T 426 - 0.0000 T 427 - 0.0000 T 421 - 0.0000

T 429 - 0.0000 T 430 - 0.0000 T 431 - 0.0000 T 132 - 0.0000 T 433 - 0.0000 T 434 - 0.0000

T 435 - 0.0000 T 436 - 0.0000 _ 43? - 0.0000 T 701 - -0.0313 T 702 - -0.0140 T 703 - -0.0172

T 704 - -0.0215 T ?0S - -0.0139 T 706 - 0.0031 T ?07 - -0.0072 T 705 - -0.0144 T ?09 - -0.0223

T 710 - -0.0046 T 711 - -0.0105 T 712 - -0.0171 T 713 - 0.0040 T ?14 - 0.0146 T 715 - 0.0109

T 71£ - -0.0005 T 717 - -0.0144 T 710 - -0.0?33 T 719 - -0,0£64 T ?20 - -0.0599 T 721 - -0.02£5

T 722 - -0.0125 T ?23 - -0.0061 T 724 - 0.0051 T ?25 - -0.02|0 T ?2£ - -0.0250 T ?27 - -0.0440

T 721 - -0.0100 T 729 - -0.09?4 T 730 - -0.0114 T 731 - -0.0949 T ?32 - -0.0?39 T 733 - -0.0474

T 734 - -0.0442 T ?35 - -0.0452 T 736 - -0.0235 T 737 - -0.2232 T 001 - 0.0172 T 102 - 0.0949

T 103 - 0.071£ T 104 - 0,0100 _ 105 - 0.0000 T 106 - 0.0323 T 107 - 0,0040 T 101 - 0.0000

T 109 - 0.0000 T 610 - 0.0009 T 011 - 0.002? T 412 - 0.0000 T 113 - 0.0152 T £1¢ - 0.0767

T £15 - 0.0592 T 116 - 0.0117 T $17 - 0.0000 T 116 - 0.0000 T £19 - 0.0000 T 420 - 0.0000

T 121 - 0.0030 T 122 - 0.0000 T 423 - 0.0000 T 124 - 0.0531 T 125 - 0.0000 T 42£ - 0.0000

T |2? - 0.0000 T £21 - 0.0000 T 129 - 0.0000 T 830 - 0.0000 T 431 - 0.0000 T 132 - 0.0000

T 133 - 0.0000 T 134 - 0.0000 T 135 - 0.0000 T 13£ - 0.0000 T 137 - 0.0000 T 901 - 33.5555
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T 902 - 1|S.7147 T _03 - 140.1255 T 904 - 19.5201T 905 - 0.0000 T 906 - 63.1710 T 907 - 7.7134

T 904 - 0.0000 T 909 - 0.0000 T 910 - 1.7054 T 911 - S.3515 T 912 - 0.0000 T 913 - 29.0043

T 914 - 150.0127 T 915 - 115.|207 T 916 - 22.9022 T 917 - 0.0000 T 910 - 0.0000 T 919 - 0.0000
T 920 - 0.0000 T 921 - 2.5751 T 922 - 0.0000 T 923 - 0.0000 T 924 - 45.5707 T 925 - 0.0000

T 926 - 0.0000 T 527 - 0.0000 T 921 - 0.0000 T 929 - 0.0000 T 930 - 0.0000 T 931 - 0.0000

T 932 - 0.0000 T 933 - 0.0000 T 934 - 0.0000 T 935 - 0.0000 T 936 - 0.0000 T 93? - 0.0000

TIH_- 2.35000Z+01, DTIHEU- 2,50000_-03, CSCJ4ZN( 21037)- 1.11551_-05. ATHPCC( 03- 0.00000E+O0, DTMPCC( 10143- 4.36114_-02

LOOPCT- 1 , ARLXCC( 03- 0.00000E+00. DRLXCC( 10143- 4.361146-02

T 1001 - 37.3100 T 1002 - 34.5690 T 1003 - 35.2805 T 1004 - 37.3249 T 1005 - 38.9406 T 1006 - 35.2211

T 1007 - 36.5350 T 1008 - 38.1731T 1009 - 39.4?05 T 1010 - 36.8317 T 1011 - 37.0194 T 1012 - 31.1749

T 1013 - 33.3021T 1014 - 31.4159 T 1015 - 32.$625 T 1016 - 35.1426 T 1017 - 46.69?0 T 1018 - 44.62?3

T 1019 - 47.2589 T 1020 - 47.4532 T 1021 - 34.04?? T 1022 - 38.0441T 1023 - 37.4157 T 1024 - 33.9873
T 1025 -- 39.9190 T 1026 - 39,925| T 1027 - 40.792? T 1021 - 37,5012 T 1029 - 44.7733 T 1030 - 44.0066

T 1031 - 44.4480 T 1032 - 43.8127 T 1033 - 41.0236 T 1034 - 41,145| T 1035 - 39.4980 T 1036 - 37.|&41

T 1037 - 51.3159 T 2001 - 1.4071T 3001 - -80.4751T 4001 - -184,1765 T 5001 - -328.1736 T 2002 - -0.9??5

T 3002 - -82.7206 T 4002 -- -185.7846 T 5002 - -324.8535 T 2003 - -0.3255 T 3003 - -12.1541 T 4003 - -185.3789

T 5003 - -328.6|19 T 2004 * 1.6213 T 3004 - -80.4624 T 4004 - -184.1669 T 5004 - -321.1687 T 2005 - 3,1450

T 3005 - -79.1383 T 4005 - -183.2177 T 5005 - -327.7643 T 2006 - -0.3619 T 3006 - -|2.1855 T 4006 - -105.4009

T 5006 - -321.6894 T 2007 - 0.0765 T 3007 - -11.1095 T 4007 - -184.6301T 500? - -324.3631T 2001 - 2.4214

T 3000 - -79.7667 T 4000 - -1|3.6677 T 5000 - -327.9551T 2009 - 3.6444 T 3009 - -70.?040 T 4009 - -1|2,9074

T 5009 - -327.6329 T 2010 - 1.1559 T 3010 - -10.8670 T 4010 - -184.4562 T 5010 - -328.2110 T 2011 - 1.3321

T 3011 - -|0,7135 T 4011 - -104,3464 T 5011 - -328.241| T 2012 - 2.4225 T 3012 - -79.7666 T 4012 - -1|3.6681

T 5012 - -327.9554 T 2013 - -2.1716 T 3013 - -|3.7580 T 4013 - -106.5293 T 5013 - -329.1752 T 2014 - -3.6599

T 3014 - -85.060| T 4014 - -157.4610 T 5014 - -329.5676 T 2015 - -2.$65Ni T 3015 - -84.3649 T 4015 - -146.9637

T 5015 - -329.3570 T 2016 - -0.4362 T 3016 - -82.2495 T 4016 - -155.4477 T 5016 - -321.7132 T 2017 - 4?.?430

T 3017 - 49.82?4 T 4017 - 51.9023 T 5017 - 53,9685 T 2010 - 49,4301 T 3018 - 51.0293 T 4011 - 52.6214

T 5018 - 54.20?? T 2019 - 40.2339 T 3019 - 50.1749 T 4019 - 52.1114 T 5019 - 54.0380 T 2020 - 40.4050

T 3020 - 50.3000 T 4020 - 52.1055 T 5020 - 54.0621 T 2021 - 8.2225 T 3021 - -54.4808 T 4021 - -139.9781

1(C) COPYRIGHT 1982.1983,1916,1985.1946,1907 J.D.GASKI $INDA/19|?/AN$I 1,31NETMORK ANALYSIS ASSOCIATES. INC. - pAGE 32

STS 36 pRE-L_UNCH SURFACE r_VIROIfl4ENT MOOEL (A-.I}

T S021 - -239.538? T 2022 - 8.2192 T 3022 - -58,4|35 T 4022 - -139.940| T 5022 - -239.5396 T 2023 - 7.635;

T 3023 - -54,9672 T 4023 - -140.3377 T 5023 - -239.6763 T 2024 - 4.4147 T 3024 - -61.6749 T 4024 - -142.2304

T 5024 - -240,4013 T 2025 - 9.9617 T 3025 - -57.0410 T 4025 - -130.9167 T 5025 - -239.1321T 2026 - 9.9?52
T 3026 - -57.1120 T 4026 - -131.9691 T 5026 - -239,1520 T 202? - 10,7739 T 3027 - -56.3604 T 4027 - -130.4202

T 5027 - -238.9424 T 2028 - ?,7143 T 3028 - -5|,9023 T 4021 - -140,2906 T 5021 - -239.5511 T 2029 - 14.4742

T 3029 - -53.3036 T 4029 - -136.1579 T 5029 - -231.0114 T 2030 - 13.7614 T 3030 - -53.8)45 T 4030 - -136.5341

T 5030 - -230.2486 T 2031 - 14.1717 T 3031 - -53.5545 T 4031 - -136.3434 T 5031 - -231.1522 T 2032 - 13.5809

T 3032 - -54.0644 T 4032 - -136.7059 T 5032 - -238.2913 T 2033 - 4.6?3? T 3033 - -77.1397 T 4033 - -179.0707

T 5033 - -324.724& T 2034 - 4.7903 T 3034 - -7?.?426 T 4034 - -179.0071 T 5034 - -324.6_46 T 2035 - 3.6066

T 3035 - -78.7224 T 4035 - -179.7285 T 5035 - -325.0051T 2036 - 1.6707 T 3036 - -80,3170 T 4036 - -1|0,9023

T 5036 - -323.5114 T 203? - 54.9660 T 303? - 62.2121T 403? - 69.3791T 5037 - ?6.4?04 T 21001 - -422.9850

T 21002 - -422.9802 T 21003 - -422.9812 T 21005 - -422.9843 T 21006 - -422.9?95 T 21007 - -422.9015 T 21009 - -422.9|50

T 21010 - -422.9804 T 21011 - -422.9809 T 21013 - -422,9047 T 21014 - -422.9906 T 21015 - -422.9816 T 21004 - -422.9843

T 21008 - -422.9834 T 21012 - -422.9834 T 21016 - -422.9833 T 21017 - 54,9997 T 21018 - 54.9991T 21019 - 54.9990

T 21020 - 54.9991 T 21021 - -296.9905 T 21022 - -2_.990& T 21023 - -296.990& T 21024 - -296.9%09 T 21025 - -296.9908

T 21026 - -296.9911T 21027 - -296.9513 T 21024 - -2_.9910 T 21029 - -296.9970 T 21030 - -296,9_6 T 21031 - -294,9_?

T 21032 - -296.9_6 T 21033 - -422.9844 T 21034 - -422.9854 T 21035 - -422.9854 T 21036 - -422.9863 T 21037 - 79,9991
T 12001 - 46.4954 T 12002 - 48.0508 T 12003 - 47.4777 T 12004 - 46.9593 T 12041 - 47.2298 T 12042 - 47.0717

T 12043 - 44.224? T 12044 - 44.7561T 12045 - 47.2932 T 12046 - 48.0144 T 12047 - 45.7414 T 12048 - 50.052?

T 12085 - 47.4?69 T 12086 - 47.64|2 T 12087 - 46.1915 T 12088 - 46.7191 T 12005 - 48,5570 T 12012 - 52.3122

T 12019 - 49,0530 T 12026 - 40.2713 T 12006 - 48.6248 T 12013 - 50.2363 T 12020 - 49.0302 T 12027 - 40.4453

T 12007 - 41.1585 T 12014 - 49,0011T 12021 - 48.662? T 12028 - 4?.863? T 12008 - 47.9238 T 12015 - 44.5258

T 12022 - 48.3625 T 12029 - 47.1974 T 12009 - 41.2391 T 12016 - 48.5000 T 12023 - 4|.30|1T 12030 - 47.7194

T 12010 - 48.?041T 12017 - 41.9231T 12024 - 41.4023 T 12031 - 44.0160 T 12011 - 49.9176 T 12019 - 49.4130

T 12025 - 4|.7734 T 12032 - 48.1059 T 12033 - 51,0339 T 12034 - 50,7403 T 12035 - 50.566? T 12036 - 50.2893

T 12037 - 49.4?95 T 12038 - 49.5315 T 12039 - 47.1105 T 12040 - 41.0936 T 22001 - 41.3497 T 22002 - 49.1713

T 22003 - 41.9488 T 22004 - 49.0841T 22041 - 49.3309 T 22042 - 49,0562 T 22043 - 4&.5448 T 22044 - 46.339?

T 12049 - 49.4484 T 12056 - 49.5012 T 12063 - 49.8771T 12070 - 52.8201T 12050 - 49.5197 T 12057 - 49.6929

T 12064 - 49.06?2 T 12071 - 51.4613 T 12051 - 49.4?23 T 12050 - 49.7406 T 12065 - 49.8030 T 12072 - 50.9?84

T 12052 - 49.6182 T 12059 - 49.8037 T 12066 - 49.83)4 T 12073 - 50.9711T 12053 - 50,0346 T 12060 - 49.9608

T 12067 - 49,93|2 T 12074 - 50,8341T 12054 - 50.7140 T 12061 - 49.9721T 12060 - 50.0761T 12075 - 51.0252

T 12055 - 51.5766 T 12062 - 50.0546 T 12069 - 50.3224 T 12076 - 51.4514 T 12077 - 51.6591T 12071 - 50.0952

T 12079 - 50.2100 T 12080 - 49.9293 T 12081 - 50.2635 T 12082 - 49.9331T 12083 - 50.0960 T 12084 - 49.0626
T 22045 - 49.5579 T 22046 - 49.1592 T 22047 - 50.4223 T 22048 - 51.6230 T 22015 - 49.2646 T 22086 - 49.5257

T 22007 - 44.1436 T 22088 - 48.2128 T 22005 - 40.5706 T 22006 - 40.63|3 T 22007 - 44.1723 T 22008 " 47.93??

T 22009 " 44.2536 T 22010 - 48.7175 T 22011 - 49.9304 T 22012 " 52.3935 T 22013 - 50.2488 T 22014 - 49.0143

T 22015 - 44.5393 T 22016 - 48.5134 T 22017 - 48.9363 T 22018 - 49.4260 T 22019 - 49.0662 T 22020 - 49.0435

T 22021 - 40.6761T 22022 - 48.3761T 22023 - 40.3210 T 22024 - 48.4159 T 22025 - 48.7866 T 22026 - 40.2851

T 22027 - 45.4_0 T 22021 - 47.877? T 22029 " 47.2118 T 22030 - 4?.7335 T 22031 - 48.0326 T 22032 - 40.1197

T 22049 - 49.4615 T 22050 - 49.532? T 22051 - 49.4853 T 22052 - 49.6312 T 22053 - 50.0473 T 22054 - 50.?263

T 22055 - 51.5884 T 22056 - 49.5142 T 2205? - 49.7051 T 22051 - 49.7535 T 22059 - 49.1166 T 22060 - 49.9735

T 22061 - 49.9840 T 22062 - 50.0712 T 22063 - 49.8899 T 22064 - 49.8100 T 22065 - 49.8158 T 22066 - 49.1522

T 22067 - 49.9509 T 22068 - S0.0II? T 22069 - 50,3349 T 22070 - 52,0311 T 22071 - 51.4731T 22072 - 50.9%09

? 220?3 - 50.9132 T 220?4 - 50.1462 T 22075 - 51.0372 T 22076 - 51.4632 T 22033 - 51.0661T 22034 - 50.752?

T 22035 - 50.5791T 22036 - 50.3019 T 22037 - 49.4925 T 22031 - 49.5515 T 22039 - 47.1)45 T 22040 - 48.1074
T 220?7 - 51.6709 T 22071 - 50.90?4 T 22079 - 50.2226 T 22010 - 49.9421 T 22011 - 50.2761T 22012 - 49,9459

T 22043 - 50.9012 T 22084 - 49.0?54 T 31005 - 69.234? T 31006 - 69.2210 T 31007 - 69.1745 T 31001 - 69.0905

T 31009 - 69.1455 T 31010 - 69.1563 T 31011 - 69.2724 T 31012 - 69.5451T 31013 - 69.3080 T 31014 - 69.1799
T 31015 - 69.1498 T 31016 - 69.1670 T 31017 - 69.1889 T 31010 - 69.2052 T 31019 - 69.2303 T 31020 - 69.2197

T 31021 - 69.1689 T 31022 - 69.1616 T 31023 - 69.1592 T 31024 - 69.1459 T 31025 - 69,0042 T 31028 - 69.1959

T 31027 - 69.2090 T 31028 - 69.1544 T 31029 - 69.09|2 T 31030 - 69.1216 T 31031 - 69.0997 T 31032 - 69.0865

T 3103: - 69.4141 T 31034 -- 69.3790 T 31035 - 69,3353 T 31036 - 69,3466 T 31037 - 69.1854 T 3103| - 69.1_3

T 31039 - 69.0425 T 31040 - 69.069? T 31049 - 69.2812 T 31050 - 69.2784 T 31051 - 69.2?44 T 31052 - 89.2913

T 31053 - 69.3571T 31054 - 69.4209 T 31055 - 69.5193 T 31056 - 69,3641T 31057 - 69.3829 T 31058 - 69.3135

T 31059 - 69.3671T 31060 - 69.4023 T 31061 - 69.3911T 31062 - 69.3841T 31063 - 69.3054 T 31064 - 69.2911

T 31065 - 69.2884 T 31066 - 69.2911T 31067 - 69.3011T 31068 - 69.3189 T 31069 - 69.3432 T 31070 - 69.6381

T 31071 - 69.4853 T 31072 - 89.4265 T 31073 - 69.4146 T 31074 - 69.4017 T 31075 - 69.4250 T 31078 - 69.4649

l(C) COPYRIGHT 1982,1983,1984,1905,1986,1987 J.D.GA3KI SINDAJI�|7/AM$1 1.31 NETUORK ANALY$1S ASSOCIATES. INC, - PAGE 33

$TS 36 pRE-LAUWCH SURF_E Ej_I/IRONIWJrP NCOEL (A-.|)

T 31077 - 69.5213 T 31070 - 69.4180 T 31079 - 69.3745 T 31080 - 69.3?46 T 31081 - 69.3172 T 31002 - 69.2655

T 31083 - 69.3512 T 310|4 - 69.266& T 32005 - 70.9331T 32006 - ?0.9325 T 32007 - 70.9291 T 32000 - 70.9244

T 32009 - 70.92?6 T 32010 - 70.9271T 32011 - 70.9326 T 32012 - 70.9452 T 32013 - ?0.9345 T 32014 - 70.9290

T 32015 - 70.9281T 32016 - 70.9295 T 32017 - 70.9301T 32016 - 70.9299 T 32019 - ?0.9332 T 32020 - 70.9326

T 32021 - 70.9314 T 32022 - 70.930? T 32023 - 70.9301T 32024 - 70.9299 T 32025 - 70.923? T 32026 - 70.930?

T 32027 - 70.9311 T 32021 - 70.928? T 32029 - ?0.9255 T 32030 - ?0.92?9 T 32031 - 70.9271T 32032 - 70.9254

T 32033 - ?0.9404 T 32034 - ?0.9390 T 32035 - 70.9368 T 32036 - 70.9378 T 32037 - ?0.9293 T 32030 - 70.9300

T 32039 - 70.9229 T 32040 - 70,9282 T 32049 - ?0.9342 T 32050 - 70.9339 T 32051 - 70.9340 T 32052 - ?0.9330

T 32053 - ?0,9386 T 32054 - 70.9416 T 32055 - 70.9455 T 32056 - 70.3401T 3205? - 70.9409 T 32054 - ?0.9409
T 32059 - 70.9411T 32060 - ?0.9420 T 32061 - 70.9414 T 32062 - 70.)411 T 32063 - 70.9359 T 32064 - 70.9355

T 32065 - 70.9350 T 32066 - ?0,9352 T 32067 - ?0.9350 T 32068 - ?0,9368 T 32069 - ?0.93?6 T 32070 - ?0.9506

T 32071 - 70.9441T 32072 - 70.9416 T 32073 - 70,9411T 320?4 - 70,)40? T 32075 - 70.9417 T 32076 - 70.9431

T 3207? - ?0.9459 T 32079 - 70.9412 T 32079 - ?0,9400 T 32010 - 70.)40? T 32001 - ?0.9362 T 32002 - 70.9333

T 32043 - 70,9371T 32014 - 70.9335 T 33005 - 70.9912 T 33006 - 70.9912 T 3300? - 70.9981T 33001 - 70.99?9
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T 33009 - 70.9910 T 33010 - 70.9910 T 33011 - ?0.9952 T 33012 - 70.9955 T 33013 - 70.9952 T 33014 - 70.9911

T 33015 - 70.9910 T 33016 - 70.9911 T 33017 - 70.9901 T 33014 - _0,9901 T 33019 - ?0.9952 T 33020 - 70.9912
T 33021 - 70.9982 T 33022 - 70.9911 T 33023 - 70.9951 T 33024 - 70.9901 T 33025 70.9979 T 33026 - 70.9941

T 33027 - 70.9911 T 33021 - 70.9911 T 33029 - ?0.9990 T 33030 - ?0.9950 T 33031 - 70.9900 T 33032 - 70.9910

T 33033 - 70.9954 T 33034 - ?0.9984 T 33035 - ?0.9953 T 33036 - 70.9984 T 3303? - 70.9991 T 33034 o 70.9911

T 33039 - ?0.99?9 T 33040 - ?0.99?9 T 33049 - ?0.9952 T 33050 - ?0.9952 T 33051 - ?0.9952 T 33052 - ?0.9943

T 33053 - ?0.9994 T 33054 - 70.9915 T 33055 - ?0.990£ T 3305£ - ?0.9954 T 33057 - ?0.9985 T 33058 - 70.9915

T 33059 - ?0.9905 T 33080 - 70.9915 T 33061 - 70.9955 T 330£2 - ?0.9955 T 33063 - 70.9913 T 33064 - 70.9913

T 330£5 - ?0.9903 T 330£5 - 70.9903 T 33067 - 70.9903 T 330£8 - ?0.9983 T 33069 - 70.9983 T 330?0 - 70.9917

T 33071 - 70,9955 7 33072 - 70.9915 T 330?3 - 70.9915 T 330?4 - ?0.9984 T 33075 - ?0.9915 T 330?6 - 70.991S

T 330?? - ?0,9956 T 33071 - 70.9915 T 330?9 - 70.99$4 T 33010 - 70.9915 T 33011 - 70.9913 T 330$2 - ?0.9942

T 33043 * 70.9913 T 33011 - 70.9912 T 34005 - 71.0000 T 34006 - 71.0000 T 3400? - 71.0000 T 34001 - 71.0000

T 34009 - 71.0000 T 34010 - 71.0000 T 34011 - 71.0000 T 34012 - 71.0000 T 34013 - 71.0000 T 34014 - 71.0000
T 34015 - 71.0000 T 34016 - 71.0000 T 34017 - 71.0000 T 34014 - 71.0000 T 34019 - 71.0000 T 34020 - 71.0000

T 34021 - 71.0000 T 34022 - 71.0000 T 34023 - 71.0000 T 34024 - 71.0000 T 34025 - 71.0000 T 3402£ - 71.0000

T 3402? - 71.0000 T 34021 - 71.0000 T 34029 - 71.0000 T 34030 - 71.0000 T 34031 - 71.0000 T 34032 - 71.0000

T 34033 - 71.0000 T 34034 - 71.0000 T 34035 - 71.0000 T 34035 - 71.0000 T 3403? - 71.0000 T 34031 - 71.0000

T 34039 - 71.0000 T 34040 - 71.0000 T 34049 - 71.0000 T 34050 - 71.0000 T 34051 - 71.0000 T 34052 - 71.0000

T 34053 - 71.0000 T 34054 - 71.0000 T 34055 - 71.0000 T 34055 - 71.0000 T 3405? - 71.0000 T 34054 - 71.0000

T 34059 - 71.0000 T 34060 - 71.0000 T 34061 - 71.0000 T 34062 - 71.0000 T 340£3 - 71.0000 T 34064 - 71.0000

T 34065 - 71.0000 T 3406£ - 71.0000 T 3406? - 71.0000 T 34061 - 71.0000 T 34069 - 71.0000 T 340?0 - 71.0000

T 34071 - 71.0000 T 34072 - 71.0000 T 340?3 - 71.0000 T 340?4 - 71.0000 T 340?5 - 71.0000 T 340?6 - 71.0000
T 340?? - 71.0000 T 34071 - 71.0000 T 340?9 - 71.0000 T 34090 - 71.0000 T 34051 - 71.0000 T 34052 - 71.0000

T 34013 - 71.0000 T 34014 - 71.0000 T 42006 - 12.5923 T 62013 - 12.4340 T 42020 - 13.6161T 4202? - 11.5193

T 42001 - 10.6179 T 42015 - $2.3318 T 42022 - 13.5029 T 42029 - 11.0916 T 42010 - 13.2509 T 42017 - 13.1731

T 42024 - 12.9551T 42031 - 13.1991T 42050 - 11.0963 T 42059 - 43.7025 T 42064 - 12.5619 T 42071 - 14.5351

T 42052 - 12.3921T 42059 - $4.1402 T 6206£ - 12.1014 T 420?3 - 14.2907 T 42054 - 14.5172 T 12061 - 84.0900
T 42061 - 13.2346 T 420?5 - 14.4737 T 43006 - 70.6101 T 43013 - 69.98_4 T 43020 - ?2.2394 T 13027 - 69.4316

T 43001 - 69.7?36 T 43015 - 69.?606 T 43022 - 71.1241 T 63029 - 64.6897 T 43010 - 69.7774 T 43017 - 70.1366

T 43024 - 70.2314 T 43031 - ?0.59?2 T 43050 - 73.6361T 4305? - 11.0125 T 430£4 - ?2.6624 T 13071 - ?4.5560

T 43052 - 75.1939 T 43059 - 11.4470 T 43066 - ?2.9594 T 430?3 - 74.3?05 T 43054 - ??.5612 T 430£1 - 41.9122

T 43061 - 73.5734 T 43075 - 74.5141T 9000 - 37.1360 T 1005 - 34.9365 T 4010 - 35.6344 T 1011 - 43.4765

T 8015 - 39.7146 T 801£ - 42.2903 T 8020 - 39.1954 T 1025 - 38.3480 T 1030 - 39.?382 T 4035 - 45.7376

T 6000 - 31.9971 T 6010 - 32.5283 T 6020 - 32.436£ T 6030 - 32.4140 T 6040 - 32.2614 T 6050 - 32.2121

T 6060 - 32.2399 T 6070 - 32.1072 T 6010 - 32.0266 T 6090 - 31.9923 T 6001 - 32.3539 T 6011 - 32,3036

T 6021 - 32.2310 T 6031 - 32.1213 T 6041 - 32.0191T 6051 - 32.0£22 T 6061 - 32.0195 T 6071 - 31.9932

T 6011 - 31.9523 T 6091 - 31.0556 T 500 - 33.7972 T 501 - 33.6010 T 502 - 34.2510 T 503 - 33.9959

T 9000 - 29.6964 T 9001 - 29.69|4 T 9002 - 29.£9£9 T 9003 - 29.6953 T 40 - 53.2000 T 9999 - 29.5?05

T 7000 - -423.0000 T 7001 - -29?.0000 T ?002 - 55.0000 T ?003 - 10.0000 T 1111 - 53.2000 T 1119 - ?4.0000

T 1890 - 0.0000 T 1191 - 244.0000 T $192 - 11.0000 T 13001 - 0.0000 T 13002 - 0.0000 T 13003 - 0.0000

T 13004 - 0.0000 T 13005 - 0.0000 T 1300£ - 0.0000 T 13007 - 0.0000 T 13004 - 0.0000 T 13009 - 0.0000

T 13010 - 0.0000 T 13011 - 0.0000 T 13012 - 0.0000 T 13013 - 0.0000 T 13014 - 0.0000 T 13015 - 0.0000

T 13015 - 0.0000 T 13017 - 0.0000 T 13010 - 0.0000 T 13019 - 0.0000 T 13020 - 0.0000 T 13021 - 0.0000

1(C) COPYRIGHT 1912,1913.19$4,1915.1916,191? J.D.GA3KI $INDA/191?/AM$I 1.31 NETNORK ANALYSIS ASSOCIATES, INC. - PAGE 34

STS 35 PRE-LAUNCH SURFACE PJ/VI]_ON_4_KT HOOEL (A-.B)

T 13022 - 0.0000 T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000
T 13021 - 0.0000 T 13029 - 0.0000 T 13030 - 0.0000 T 13031 - 0.0000 T 13032 - 0.0000 T 13033 - 0.0000

T 13034 - 0.0000 T 13035 - 0.0000 T 13036 - 0.0000 T 13037 - 0.0000 T 16001 - 5299.9299 T 16002 - 69?6.07£3

T 16003 - 6644.093£ T 16004 - 54#?.7750 T 16005 - 4400.7962 T 16006 - 6228.0444 T 16007 - 5631.1111 T 16001 - 4141.0475

T 16009 - 1296.3994 T 16010 - £097.0245 T 16011 - 6024.6613 T 16012 - 5150.7632 T 16013 - 4477,111| T 16014 - 64$0.1107

T 16015 - 5722.3511 T 16016 - 5047.7750 T 16017 - 0.0000 T 16011 - 0.0000 T 16019 - 0.0000 T 16020 - 0.0000

T 16021 - 2672.1313 T 16022 - 2551.2535 T 16023 - 2£?9.7079 T 16024 - 2511.1767 T 1£025 - 4329,7090 T 16026 - 4220.2167

T 16027 - 3499.7319 T 1£024 - 4£13.0491 T 16029 - 146.490$ T 16030 - 521.4650 T 16031 - 325.1029 T 16032 - 549.5079

T 16033 - 2269.5095 T 16034 - 2057.6616 T 16035 - 2575.6411 T 16036 - 2304.0129 T 16037 - 0.0000 T 101 - 10.9254

T 102 - 11.0814 T 103 - 11.2002 T 104 - 11.3715 T 105 - 11.2668 T 106 - 10.3132 T 107 - 10.6505

T 101 - 11.1037 T 109 - 12.0024 T 110 - 12.0395 T 111 - 12.1509 T 112 - 11.19$4 T 113 - 5.9863

T 114 - 6.9190 T 115 - ?.3901 T 116 - 0.1402 T 117 - 12.1565 T 111 - 12.4331 T 119 - 12.3653

T 120 - 1.1904 T 121 - 14.2751 T 122 - 13.5546 T 123 - 13.1536 T 124 - 1.1309 T 125 - 16.$969
T 125 - 15.1319 T 127 - le.2263 T 120 - 12.3217 T 129 - 21.£074 T 130 - 19.1250 T 131 - 21.0932

T 132 - 14.1149 T 133 - 15.4753 T 134 - 14.3493 T 135 - 13.1146 T 136 - 1.7195 T 139 - 21.5204

T 151 - 0.5114 T 152 - 0.59?2 T 153 - 0.6032 T 154 - 0.6128 T 155 - 0.6056 T 156 - 0.5592

T 157 - 0.5?3£ T 158 - 0.5980 T 159 - 0.6464 T 160 - 0.6414 T 161 - 0.6544 T 162 - 0,6401

T 163 - 0.3224 T 164 - 0,3764 T 1£5 - 0.3910 T 166 - 0.4314 T 1£7 - 0.6924 T 164 - 0,£69£

T 169 - 0.6660 T 170 - 0.47ll T 171 - 0.7601 T 172 - 0.?300 T 173 - 0.7014 T 174 - 0.4?56

T 175 - 0.9100 T 176 - 0.16$| T 177 - 0,9$16 T 174 - 0.£636 T 179 - 1.1680 T 110 - 1.0300

T 111 - 1.1360 T 102 - 0.9756 T 113 - 0.1336 T 114 - 0.7721 T 115 - 0.7440 T 116 - 0.4696

T 117 - 1.5360 T 201 - 0.0023 T 202 - 0.0030 T 203 - 0.0029 T 204 - 0.0024 T 205 - 0,0019

T 206 - 0.0029 T 20? - 0.0025 T 209 - 0.0021 T 209 - 0.0019 T 210 - 0.002? T 211 - 0.0026

T 212 - 0.0022 T _13 - 0.0019 T 214 - 0.0025 T 215 - 0.0025 T 216 - 0.0022 T 219 - 0.0000

T 218 - 0.0000 T 219 - 0.0000 T 220 - 0.0000 T 221 - 0.002? T 222 - 0.0026 T 223 - 0.0029

T 224 - 0.002£ T 225 - 0.0024 T 226 - 0,0023 T 22? - 0,0021 T 221 - 0.0025 T 229 - 0.0002

T 230 - 0.0006 T 231 -- 0.0004 T 232 - 0.0007 T 233 - 0.0017 T 234 - 0.0016 T 235 - 0.0020
T 236 - 0.001| T 237 - 0.0000 T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T 404 - 0.0000

T 405 - 0.0000 T 406 - 0.0000 T 407 - 0.0000 T 405 - 0,0000 T 409 - 0.0000 T 410 - 0.0000

T 411 - 0.0000 T 412 - 0.0000 T 413 - 0.0000 T 414 - 0.0000 T 415 - 0.0000 T 416 - 0.0000

T 419 - 0.0000 T 418 - 0.0000 T 419 - 0.0000 T 420 - 0.0000 T 421 - 0.0000 T 422 - 0.0000

T 423 - 0.0000 T 424 - 0.0000 T 425 - 0.0000 T 426 - 0,0000 T 42? - 0.0000 T 42| - 0.0000

T 429 - 0.0000 T 430 - 0.0000 T 431 - 0.0000 T 432 - 0,0000 T 133 - 0.0000 T 434 - 0.0000

T 435 - 0.0000 T 436 - 0.0000 T 437 - 0.0000 T 701 - -0.0224 T 702 - -0.0061 T 703 - -0.0107

T 704 - -0.0227 T 705 - -0.0319 T 706 - -0.0101 T 70? - -0.0179 T 701 - -0.02?4 T 709 - -0.035£

T 710 - -0.0195 T 711 - -0.0206 T 712 - -0.0276 T 713 - -0,0043 T 714 - 0.0050 T 715 - 0.0001

T 716 - -0.0112 T 717 - -0.0119 T 711 - -0.0173 T 719 - -0,0911 T 720 - -0.0697 T 721 - -0.0272

T 722 - -0,026£ T 723 - -0.022? T 724 - -0.0042 T 725 - -0,0438 T 726 - -0.0425 T 727 - -0.0525
T 724 - -0.0237 T 729 - -0.1170 T 730 - -0.1009 T 731 - -0.1116 T 732 - -0.0963 T ?3J - -0.0495

T 73" - -0.0401 T 735 - -0.0394 T 736 - -0.0230 T 737 - -0,25£1 T 101 - 0.0000 T 102 - o.0no

T 403 - 0.0£04 T 104 - 0.0000 T 105 - 0.0000 T 106 - 0,0211 T 107 - 0.0000 T 101 - 0.0000

T 109 - 0.0000 T 110 - 0.0000 T 111 - 0.0000 T 112 - 0.0000 T 113 - 0.0101 T 414 - 0.0117

T 415 - 0.0392 T 116 - 0.0004 T 117 - 0,0000 T 111 - 0.0000 T 119 - 0.0000 T 120 - 0.0000

T 421 - 0.0000 T 122 - 0.0000 T 123 - 0.0000 T 124 - 0.0495 T 125 - 0.0000 T 126 - 0.0000

T 129 - 0.0000 T 121 - 0.0000 T 129 - 0.0000 T 130 - 0,0000 T $31 - 0,0000 T 132 - 0.0000

T $33 - 0.0000 T 134 - 0.0000 T 135 - 0.0000 T 136 - 0.0000 T 137 - 0.0000 T 901 - 0.0000

T 902 - 172.2170 T 903 - 119.0029 T 904 - 0.0000 T 905 - 0.0000 T 906 - 41.90£0 T 907 - 0.0000
T 901 - 0.0000 T 909 - 0.0000 T 910 - 0.0000 T 911 - 0,0000 T 912 - 0.0000 T 913 - 21.1175

T 914 - 159.1150 T 915 - 115.1697 T 916 - 0.7391 T 917 - 0,0000 T 911 - 0.0000 T 919 - 0.0000

T 920 - 0.0000 T 921 - 0.0000 T 922 - 0.0000 T 923 - 0.0000 T 924 - 41.9309 T 925 - 0.0000

T 926 - 0.0000 T 92? - 0.0000 T 921 - 0.0000 T 929 - 0.0000 T 930 - 0.0000 T 931 - 0.0000

T 932 - 0.0000 T 933 - 0.0000 T 934 - 0.0000 T 935 - 0,0000 T 93£ - 0.0000 T 93? - 0.0000

TI_- 2.450004+01, DTIHEU- 2.500004-03, CSGMIN( 21037)- 1.115514-05o ATMPCC( 0)- 0.00000E+00, DTt_CC( 1013)- 3.02031[-02
I_OOPCT- 1 . ARLXCC( 0)- 0.00000E+O0, DRLXCC( 1013)- 3.021314-02

I(C) COPYRIGHT 1902,1903.1904,1915.1916,1917 J.D.GA._KI $INDA/1957/ANSI 1.31NETMORX ANALYSIS ASSOCIAT1ZS. INC. - PAGE 35

STS 36 PRE-LAUNCH 5URFACE E_V_RON_NT HOOEL IA-.I)

T 1001 - 39,2159 T 1002 - 36.6123 T 1003 - 37.0719 T 1004 - 35.4156 T 1005 - 39.02?6 T 1006 - 35.2919

T 1007 - 36.19£3 T 1005 - 34.0394 T 1009 - 39,9436 T 1010 - 36.1312 T 1011 - 37.6001 T 1012 - 34.6645
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T 1013 - ]1.8095 T 1014 - 30.4650 T 1015 - 31.9160 T 1016 - 34.1605 T lO1T - 46.8426 T 1018 - 44.0484

T 1019 - 46.0999 T 1020 - 4?.0322 T 1021 - 39.2069 T 1022 - 37.?398 T 1023 - 37.4243 T 1024 - 33.8801

T 1025 - 40.2452 T 1026 - 39.5403 T 102T - 41.5050 T 1028 - 37.1777 T 1029 - 45.1496 T 1030 - 44.1303

T 1031 - 44.8890 T 1032 * 43.8471T 1033 - 42,0388 T 1034 - 42.0852 T 1035 - 41.4834 T 1036 - 31.0170
T 1037 - 51.0061T 2001 - 3.4043 T 3001 - -7|.9134 T 4001 - -113.0569 T 5001 - -327,6965 T 2002 - 0.9493

T 3002 - -01.0462 T 4002 - -1|4.S043 T S002 - -328.3422 T 2003 - 1.]125 Y 3003 - -00.6499 T 4003 - -184.3149

T 5003 - -320.2205 T 2004 - 3.0269 T 3004 - -79.2411T 4004 - -183.2914 T 5004 - -327,7957 T 2005 - 3,2270

T 3005 - -T9.0672 T 4005 * -113.1_1 T 5005 - -327.7426 T 2006 - -0.2193 T 3006 - -82,1224 T 4006 - -115.3556

T 5006 - -320.6701 T 200? - 1.2171 T 3007 - -10.0136 T 4007 - -144.4110 T 500? - -320,2721 T 2008 - 2.2951
T 3008 - -79.0?66 T 4008 - -113.7466 T 5001 - -327.9847 T 2009 - 3,9019 ? 3009 - -78.4809 T 4009 - -182.7469

T 5009 - -327.$645 T 2010 - 1,1554 T 3010 - -40.86?4 T 4010 - -184.4564 T 5010 - -328.2881 T 2011 - 1.1111

T 3011 - -80.23?0 T 4011 - -114.0047 T 5011 - -328.0962 T 2012 - 2.1879 T 3012 - -79.3621 T 4012 - -113.3751

T 5012 - -327.8311 T 2013 - -3.5923 T 3013 - -84.9964 T 4013 - -117.4144 T 5013 - -329.5540 T 2014 - -4.44?3

T 3014 - -86.0833 T 4014 - -1|1.1951T 5014 - -329.0402 T 2015 - -3.4002 T 3015 - -84.8245 T 4015 - -117.2931

T 5015 - -329.497] T 2016 - -0.?025 T 3016 - -02.4016 T 4016 - -185.6141T 5018 - -321.7441T 2017 - 4?.069?

T 3017 - 49.9169 T 4017 - 51.9557 T 5017 - 53,9062 T 2011 - 41.9236 T 3011 - 50.66?9 T 4018 - 52.4050

T 5011 - 54.1354 T 2019 - 47.9200 T 3019 - 49.9530 T 4019 - 51.9773 T 5019 - 53.9934 T 2020 - 48.0364

T 3020 - 50.036? T 4020 - 52.0277 T 5020 - 54.0102 T 2021 - 9.3001T 3021 - -57.5045 T 4021 - -139.]203

T 5021 - -238.2063 Y 2022 - 7.9364 Y 3022 - -50.T174 T 4022 - -140.1531 T S022 - -239.6059 T 2023 - ?.6430

T 3023 - -5|.$E00 T 4023 - -140.3331T 5023 - -239.6746 T 2024 - 4.3499 T 3024 - -61.7297 T 4024 - -142.2684

T 5024 - -240.4158 T 2025 - 10.2649 T 3025 - -56.7801T 4025 - -138.7314 T 5025 - -239.0611T 2026 - 9.6096

T 3026 - -57.3328 T 4026 - -139.1323 T 5026 - -239.2151T 202? - 11.5104 T 3027 - -55.7504 T 4027 - -137.9696

T 5027 - -231.7696 T 2021 - ?.4134 T 3028 - -59.1514 T 4021 - -140.4745 T 5028 - -239,7292 T 2029 - 14.1234

T ]029 - -53.0150 T 4029 - -135.9451T 5029 - -237.9999 T 2030 - 13.9762 T 3030 - -53,7995 T 4030 - -136.5246

T 5030 - -230.2216 T 2031 - 14.5522 T 3031 - -5].2145 T 4031 - -136.0922 T 5031 - -234.0559 T 2032 - 13.6128
T 3032 - -54.017| T 4032 - -136.6061T 5032 - -234.2|3? T 2033 - 5.8361T 3033 - -77.0437 T 4033 - -171.4921

T S033 - -324.4?22 T 2034 - 5.6088 T 3034 - -76.9900 T 4034 - -171.4600 T 5034 - -324,4590 T 2035 - S.1056

T 3035 - -7?.4?9] T 4035 - -178.8136 T 5035 - -324.6110 T 2038 - 1.8231T 3036 - -00.1982 T 4036 - -180.8152

T 5036 - -325.4740 T 203? - 54.6805 T 3037 - 61.9957 T 4037 - 69.2312 T 5037 - 76.4111 T 21001 - -422.9849

T 21002 - -422.9800 T 21003 - -422,9811T 21005 - -422.9843 T 21006 - -422,9795 T 21007 - -422.9814 T 21009 - -422.9150

T 21010 - -422.9804 T 21011 - -422.9009 T 21013 - -422.9048 T 21014 - -422.980? T 21015 - -422.9016 T 21004 - -422.9842

T 21000 - -422.8034 T 21012 - -422.9834 T 21018 - -422.9034 T 21017 - 54.999? T 21011 - 54.9998 T 21019 - 54.9997

T 21020 - 54.9990 T 21021 - -296.9905 T 21022 - -296.9906 T 21023 - -296.8906 T 21024 - -296.9909 T 21025 - -296.9808

T 21026 - -296.9911T 21027 - -296.9913 T 21021 - -296.9910 T 21029 - -296.9970 T 21030 - -296.9966 T 21031 - -296.9967

T 21032 - -29_.9966 T 21033 - -422.984? T 21034 - -422.9157 T 21035 - -422,9554 T 21036 - -422.9863 T 21037 - 79.9991

T 12001 - 45.4211T 12002 - 48,2519 T 12003 - 46,9452 T 12004 - 4?.0624 T 12041 - 47.7401 T 12042 - 4?.0624

T 12043 - _5.1011 T 12044 - 44.??07 T 12045 - 47,3?63 T 12046 - 47.6]]1T 12047 - 41.3552 T 12041 - 49.38?4

T 12085 - ;7.6526 T 12088 - 47.0950 T 12087 - 46,4?23 T 12011 - 48.1596 T 12005 - 47.99|5 T 12012 - 51.9011

T 12019 - 48.5583 T 12026 - 47.8311 T 12006 - 41,0111T 12013 - 49.9411 T 12020 - 41.5415 T 12027 - 48.0441

T 12007 - 47.6802 T 12014 - 41.7333 T 12021 - 48.1536 T 12028 - 47.3435 T 12008 - 4?.5484 T 12015 - 48,1|37

T 12022 - 47.1231 T 12029 - 46,5716 T 12009 - 47.8961T 12016 - 48.1962 T 12023 - 47,7653 T 12030 - 47.1034

T 12010 - 40.3294 T 12017 - 44.5489 T 12024 - 47.1969 T 12031 - 47.5510 T 12011 - 49.4713 T 12011 - 41.9705

T 12025 -- 48.4112 T 12032 - 4T.6624 T 12033 - 50.6433 T 12034 - 50.3175 T 12035 -- 50.1955 T 12038 - 49.8998
T 12037 - 49,1193 T 12031 - 49.1623 T 12039 - 47.4913 T 12040 - 4?.7340 T 22001 - 47.5124 T 22002 - 49.3500

T 22003 - 48.3581T 22004 - 41.4422 T 22041 - 48.1772 T 22042 - 48,4769 T 22043 - 46.1768 T 22044 - 45.9122

T 12049 - 49.1051 T 12058 - 49.0061 T 12063 - 49.5097 T 12070 - 52.303? T 12050 - 49.1866 T 12057 - 49.1939

T 12064 - 49.5075 T 12071 - 51,0716 T 12051 - 49.1377 T 12051 - 49.2471T 12065 - 49,4592 T 12072 - 50.6568

T 12052 - 49.2?30 T 12059 - 49.3161 T 12066 - 49.4919 T 12073 - 50.8914 T 12053 - 49.4565 T 12060 -- 49.4734

T 12087 - 49.5855 T 12074 - 50.5552 T 12054 - 50.3256 T 12061 - 49.4953 T 12068 - 49.7113 T 12075 - 50,7479

T 12055 - 51.1615 T 12062 - 49.6055 T 12069 - 49.9505 T 12076 - 51.1574 T 12077 - 51.2496 T 12078 - 50.5212

T 12079 - 49.8292 T 12000 -- 19.4717 T 12081 - 49.9221T 12082 - 49.6062 T 12083 - 50.6207 T 12084 - 49.5071

T 22045 - 40.9319 T 22046 - 49.1020 T 2204? - 49.7950 T 22041 - 50.8914 T 22005 - 48.8010 T 22004 - 48.1277

T 22017 - 47.6700 T 22080 - 47,6475 T 22005 - 48.0122 T 22006 - 40,0941 T 2200? - 47,T041T 22000 - 47.5623

T 22009 - 47.9098 T 22010 - 43.3429 T 22011 - 49.4342 T 22012 - 51.9126 T 22013 - 49.9543 T 22014 - 48.7465

T 22015 " 41.1973 T 22016 - 40.2098 T 22017 - 48.5602 T 22018 - 40.98]8 T 22019 - 40.5717 T 22020 - 40.5549

1(C) COPYRIGHT 1912,1913,1_4,1905,1916,1917 J.U.GASKI SINDA/l�eT/ANSI 1,]1 NETNORK ANALYSIS ASSOCZATES, INC. - PAG_ 36

ST9 36 pRZ-IJ, UWC_ SURFACE ENVIRO_r_HT MODEL IA-.8)

T 22021 - 41.1672 T 22022 - 47.1376 T 22023 - 47.?T92 T 22024 - 47.9106 T 22025 -- 41.4245 T 22026 - 4?.8528

T 2202? - 48.0578 T 22021 - 47.3574 T 22029 - 46.5932 T 22030 - 47.1978 T 22031 -- 47,5649 T 22032 - 47,6763
T 22049 - 49.1102 T 22050 - 49.1998 T 22051 - 49.1507 T 22052 - 49.2860 T 22053 - 49.6693 T 22054 - 50.33?9

T 22055 - 51.1734 T 22056 - 49.0200 T 2205? - 49.20?0 T 22050 - 49.2601T 22059 - 49.3298 T 22060 - 49,4863

T 22061 - 49,5011T 22062 - 49.6113 T 22063 - 49.5225 T 22064 - 49.5203 T 22065 - 49,4721T 22066 - 49.5117

T 2206? - 49,5902 T 22061 - 49.?240 T 22069 - 49.9630 T 220?0 - 52.3149 T 22071 - 51.0835 T 220?2 - 50.6681

T 220?] - 50,?035 T 220?4 - 50.56?3 T 220?5 - 50.7600 T 220?6 - 51.1694 T 22033 - 50.6555 T 22034 - 50.3998

T 22035 - 50.2079 T 22036 - 49.9125 T 2203? - 49.1324 T 22031 - 49.1753 T 22039 - 47.5123 T 22040 - 47,7471

T 2207? - 51.2615 T 22078 - 50.5335 T 220?9 - 49.0419 T 22000 - 49.4048 T 22001 - 49.9346 T 22082 - 49.6119

? 22083 - 50.6321 T 22084 - 48.5204 T 31005 - 61.9629 T 31006 - 61.9574 T 31007 - 64.0993 T 31008 - 84.1147

T 31009 - 60.0731T 31010 - 61.0897 T 31011 - 69.0193 T 31012 - 89.3192 T 31013 - 69.0596 T 31014 - 84.9177

T 31015 - 60.0012 T 31016 - 41.0987 T 31017 - 61.9245 T 31011 - 61.9466 T 31019 - 60.9651 T 31020 - 40.9552

T 31021 - 60.9199 T 31022 - 61.0957 T 31023 - 68.0058 T 31021 - 68.1744 T 31025 - 60.0203 T 31026 - 68.9220

T 31027 - 68.9344 T 31028 - 61,1752 T 31029 - 68.000? T 31030 - 61.1411T 31031 - 68.8243 T 31032 - 64.1128

T 31033 - 69.1720 T 31034 - 69,1346 T 31035 - 69.088? T 31036 - 69.0951 T 31037 - 48.92?4 T 31031 - 88.9416

T 31039 - 68.7656 T 31040 - 65.7953 T 31049 - 69,0221T 31050 - 69.0205 T 31051 - 69.0159 T 31052 - 69.0343

T 31053 - 69.1040 T ]1054 - 69.1834 T 31055 - 69.2833 T 31056 - 69.1028 T 31057 - 69.1235 T 31051 - 69.1248

T 31058 - 69.1292 T 31060 - 69.1462 T 31061 - 69.1355 T 31062 - 69.1301T 31063 - 49.0511 T 31064 - 69.0442

T 31065 - 89.0340 T 31068 - 69.0372 T 31067 - 69.0411T 31060 - 89.06?4 T 31069 - 69.0943 T 31070 - 89.4157

T 31071 - 69.2488 T 31072 - 89.1052 T 31073 - 69.1738 T 31074 - 89.1594 T 31075 - 69.1848 T 31078 - 89.2294

T 31077 - 69.2849 T 31078 - 69.1738 T 31079 - 69.1219 T 31010 - 49.1176 T 31081 - 69.0670 T 31082 - 49.0121

T 31083 - 89.1096 T 31084 - 69.0121 T 32005 - 70.9123 T 32006 - 70.9117 T 32007 - 70.9084 T 32001 - 70.9021

T 32009 - 70.9050 T 32010 - 70.9055 T 32011 - 70.9124 T 32012 - 70.9200 T 32013 - 70.9146 T 32014 - ?0.9078

T 32015 - ?0.8064 T 32016 - ?0.9080 T ]2017 - ?0.9088 T 32018 - ?0.9089 T 32019 - 70.9123 T 32020 - 70.9116

T 32021 - 70.9101 T 32022 - 70.8091T 32023 - 70.9015 T 32024 - 70.9071T 32025 - 70.9013 T 32028 - ?0.9095

T 3202? - 70.9101T 32021 - 70.8069 T 32029 - 70.9031T 32030 - ?0.9050 T 32031 - ?0.9048 T 32032 - ?0.9030

? 32033 - 70.9217 T 32034 - 70.9199 T 32035 - 70.9172 T 32034 - 70.9183 T 3203? - 70.9001 T 32031 - ?0.9009

T 3203_ - ?0.9000 T 32040 - 70.9018 T 32049 - 70.9140 T 32050 - 70.9137 T 32051 - 70,9137 T 32052 - 70.9149

T 32053 - 70.9192 T 32054 - ?0.8230 T 32055 - ?0.9200 T 32056 - ?0.920? T 3205? - 70,9217 T 32051 - 70.9211

T 32059 - ?0.8220 T 32060 - ?0.9230 T 32061 - ?0.9223 T 32062 - 70.9219 T 32063 - 70.9159 T 32064 - 70.9154

T ]2065 " 70.9149 T 32066 - 70.9151T 3206? - 70.9151 T 32061 - ?0,9160 T 52069 - 70.9100 T 320?0 - ?0.9344

T 32071 - ?0.9262 T 32072 - 70,8231 T 32073 - ?0.9224 T 320?4 - 70.9211T 32075 - 70.9231T 320?6 - 70.9250

T 320?? - ?0.9204 T 32070 - ?0.9225 T 320?9 - 70.9201 T 32000 - 70.9214 T 32011 - 70.9164 T 32002 - 70.9129

T 32083 - 70.9177 T 32084 - 70.9132 T 33005 - ?0.99?3 T 33006 - ?0.99?3 T 3300? - ?0.9972 T 33008 - 70.99¢;9

T 33009 - 70.9971T 33010 - ?0.9970 T 33011 - ?0,99?3 T 33012 - 70.9871 T 33013 - ?0.99?4 T 33014 - 70.9971

T 33015 - 70.9971T 33014 - ?0.99?2 T 33017 - ?0.99?2 T 33011 - 70.99?2 T 33019 - ?0.99?3 T ]3020 - 70.9973

T 33021 - 70.9973 T 33022 - 70.9972 T 33023 - ?0.99?2 T 33024 - 70.9971 T 33025 - 70.9969 T 3]024 - ?0.9972
T 3302? - 70.99?2 T ]3028 - 70.9871T 33029 - 70.99?0 T 33030 - 70.9971T 33031 - 70.9971 T 33032 - ?0.9970

T 33033 - 70.99?6 T 33034 - ?0.9974 T 33035 - ?0.99?5 T 33034 - ?0.99?5 T 33037 - ?0.99?2 T 33031 - ?0.8972

T 33039 - 70.9969 T 33040 - ?0.9969 T 33049 - ?0.99?4 T 33050 - ?0.89?3 T 33051 - ?0.99?4 T 33052 - ?0.9974

T 33053 - ?0.9976 T 33054 - 70.9977 T 33055 - ?0.99?9 T 33056 - ?0.99?6 T 33057 - ?0.9977 T 33058 - ?0.997?

T 3]059 -- ?0.99?7 T 33060 - ?0.99?? T 33061 - ?0.997? T 33062 - ?0.99?? T 33063 - 70.99?4 T 33064 - ?0,99?4

T ]3065 - 70.99?4 T 33066 - ?0.9974 T 33067 - ?0.9975 T 33064 - ?0.9975 T 33068 - 70.99?5 T 330?0 - 70,9911

T 33071 - ?0.8970 T 330?2 - ?0.98?? T 33073 - ?0.99?? T 330?4 - 70.997? T 330?5 - ?0.99?7 T ]3078 - ?0,9978

T 330?7 - 70.89?9 T 330?8 - ?0.99?? T 330?9 - ?0.9976 T 33080 - ?0.997? T 33081 - 70.89?5 T 33002 - ?0,9973

T 33083 - 70.9875 T 33014 - 70.99?3 T 34005 - 70.9999 T 34006 - ?0.9899 T 34007 - ?0.9999 T 34001 - ?0.9999

T 34009 - 70.9999 T 34010 - ?0,9999 T 34011 - ?0,9999 T 34012 - ?0.9999 T 34013 - 70.9999 T 34014 - ?0.9999

T 34015 - 70.9999 T 34016 - ?0.9999 T 34017 - ?0,9999 T 34011 - 70.9999 T 34019 - 70.9999 T 34020 - ?0,9999

T 34021 - ?0.9999 T 34022 - ?0.9999 T 34023 - ?0.9999 T 3102¢ - ?0.9999 T 3¢025 - ?0.9999 T 34026 - ?0.9999

T 3402? - ?0.9989 T 34020 - 70.9999 T 34029 - ?0.9999 T 34030 - ?0.9999 T 34031 - ?0.9999 T 34032 - 70.9999
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T 34033 - 70.9999 T 34034 - 70,9999 T 34035 - 70.9999 T 34036 - ";0.9999 T 34037 - 70.9999 "1" 34036 - ?0.9999

T 34038 " 70.9999 T 34040 - 70,9999 T 34048 - ?0.9999 T 34060 - 70.9999 T 34051 - 70.9999 T 34052 - ?0.9999

T 34053 - 70.9999 T 34064 * 70,9999 T 34056 - 70.9999 T 34066 - 70.94)99 T 34057 * ";0.9999 T 340511 - 70.9999

T 34059 - 70.9999 T 34060 - 70.9999 T 34061 - ?0.9999 T 34062 - ?0.9999 T 34063 - 70.9999 T 34064 - 70.9999

T 34065 - 70.9999 T 34066 - 70.9999 T 3406? - 70.9999 T 34068 - 70.9999 T 34069 - 70.9999 T 34070 - 71.0000

T 34071 - 70.9999 T 34072 - 70.9999 T 340?3 - 70.9999 "1" 34074 - ?0.9999 T 340"}5 - 70.9999 T 34076 - 70.9999
T 34077 - ";0.9999 T 34078 - 70.9999 T 34079 - 70.9999 T 340110 - 70.9995 T 34041 - 70.9999 T 340112 - 70.9999

I(C) COPYRIGHT 1982,1903,1964,1985,1986,1947 J.D.GASKI SINDAII�|?IAN$I 1.31 NETIIORK ANALYSIS ASSOCIATES, IHC. - pAGE 3?

STS 36 PRE-LA_CH SURFACE ENVZRONI4BNT 14(3OEL (A-.8)

T 34083 - ?0,9999 T 340|4 " 70.9999 T 42006 " 804431T 42013 - 80.3739 T 42020 - 61.4351T 42027 - 79.4219

T 42006 " 7|.6355 T 42015 " |0.2069 T 42022 - 41.2951T 42029 - ?8.9722 T 42010 " 11.1132 T 42017 " 11.6916

T 42024 - 60,8230 T 42031 " 80.9915 T 42050 - 79.1326 T 42057 " |1.6121T 42064 - 60,5233 T 42071 - 82,4539
T 42052 - 80.3701T 42059 " 82.0335 T 42066 - 80.7520 T 42073 - 82.2080 T 42054 - 82,4458 T 42061 - 81,9967

T 42068 - 61.1712 T 42075 - 82.4001 T 43006 - 71.6922 T 43013 - 71.0555 T 43020 - 73.2001T 43027 - ?0,4626

T 43006 - 68.8841T 43015 - ?0.842| T 43022 - 72.0158 T 4302% - 69.7491 T 43010 - 70.9362 T 43017 - 71.9524

T 43024 - 71.3219 T 43031 - 71.6710 T 43050 - 74.2403 T 43057 - 41.1640 T 43064 - 73.4916 T 43071 - 75.3903

T 43052 - 75.7707 T 43059 - 11.5910 T 43066 - 73.7027 T 43073 - 75.1992 T 43054 - 76.1193 T 43061 - 81.8344

T 43066 - 74.3708 T 43075 - 75,4104 T 8000 - 3|.0691T |005 - 34.8749 T |010 - 35.4?02 T 8011 - 43.4756

T 8015 - 37.4774 T 8016 - 42.2895 T 8020 - 39,2063 T 8025 - 34.0955 T 8030 - 38.7567 T 1035 - 45.2626
T 6000 - 31.5640 T 6010 - 32.0694 T 6020 - 31.9746 T 6030 - 31.9512 T 6040 - 31.7917 T 6050 - 31.8209

T 6060 - 31.7010 T 6070 - 31.6507 T 6080 - 31.5693 T 6090 - 31.5341 T 6001 - 31.8647 T 6011 - 31.8203

T 6021 - 31.7498 T 6031 - 31,6402 T 6041 - 31.6069 T 6051 - 31,5002 T 6061 - 31.5384 T 6071 - 31.5119

T 6081 - 31.S009 T 6091 - 30,6352 T 500 - 33.4561T 501 - 33.2699 T S02 - 33.9016 T 503 - 33.6330

T 9000 - 29.5163 T 9001 - 29.5178 T 9002 - 29,5161 T 9003 - 29.5147 T 40 - 52.6000 T 9999 - 29.4780

T 7000 - -423.0000 T 7001 - -297.0000 T 7002 - 55.0000 T 7003 - 00.0000 T 6558 - 52.8000 T 6889 - 78.0000

T 8690 - 0.0000 T 8191 - 254.0000 T |892 - 11.0000 T 13001 - 0.0000 T 13002 - 0.0000 T 13003 - 0.0000

T 13004 - 0.0000 T 13005 - 0.0000 T 13006 - 0.0000 T 13007 - 0.0000 T 13004 - 0,0000 T 13009 - 0.0000
T 13010 - 0.0000 T 13011 - 0.0000 T 13012 - 0.0000 T 13013 - 0.0000 T 13014 - 0.0000 T 13015 - 0.0000

T 13016 - 0.0000 T 13017 - 0.0000 T 13018 - 0.0000 T 13019 - 0.0000 T 13020 - 0.0000 T 13021 - 0.0000

T 13022 - 0.0000 T 13023 - 0.0000 T 13024 - 0.0000 T 13025 - 0.0000 T 13026 - 0.0000 T 13027 - 0.0000

T 13028 - 0.0000 T 13029 - 0.0000 T 13030 - 0.0000 T 13031 - 0.0000 T 13032 - 0.0000 T 13033 - 0.0000

T 13034 - 0.0000 T 13035 - 0.0000 T 13036 - 0.0000 T 13037 - 0.0000 T 16001 - 5673.7949 T 16002 - ?694.4907

T 16003 - 7338.0020 T 16004 - 6103.7436 T 16005 " 5060,?074 T 16006 - 6835.9469 T 16007 - 6264.4221 T 16008 - 5497.1094

T 16009 - 4965.0175 T 16010 - 6760.0649 T 16011 - 66|5.3||I T 16012 - 5797.6609 T 16013 - 5101.2890 T 16014 - 6784.8760

T 16015 - 6114.0960 T 16016 "' 5520.8657 T 16017 - 0.0000 T 16015 - 0.0000 T 16019 - 0.0000 T 16020 - 0.0000

T 16021 - 2984.0306 T 16022 - 2819.4699 T 16023 - 3001.9860 T 16024 - 2003.2701 T 16025 - 5042.2372 T 16026 - 4978.1860

T 16027 - 4537.5311T 16028 - 5172.6717 T 16029 - 543.6231 T 16030 - 959.3134 T 16031 - 691,0498 T 16032 - I025,5157

T 16033 - 2623.0881T 16034 - 2404.1495 T 16035 - 2162.7963 T 16036 - 2611.0410 T 16037 - 0.0000 T i01 - 13.2650

T 102 - 13.0942 T 103 - 13.0199 i07 - 10.7249

T 106 - 10.5466 T 109 - 11,9211 113 - 4.7960

T 114 - 5.9663 T 115 - 6.0330 119 - 12.1506

T 120 - 6.5561T 121 - 15.7977 125 - 16.$969

T 126 - 14.0693 T 127 - 19.6004 131 - 21.4360

T 132 - 16.6895 T 133 - 17.4094 137 - 29.2632

T 151 - 0.7144 T 152 - 0.7052 156 - 0.5492
T 157 - 0.5776 T 158 - 0.5680 162 - 0.6524

T 163 - 0.2544 T 164 - 0.3224 164 - 0.6136

T 169 - 0.6560 T 170 - 0.4606 174 - 0.4596

T 175 - 0.9100 T 176 - O.100l 180 - 0.9800

T 181 - 1.1760 T 182 - 0.9096 186 - 0.4636

T 187 - 1.5760 T 201 " 0.0026 205 - 0.0022

T 206 - 0.0030 T 207 - 0.0027 211 - 0.0029

T 212 - 0.0025 T 213 - 0.0020 217 - 0.0000

T 216 - 0.0000 T 219 - 0.0000 223 - 0.0030

T 224 - 0.0021 T 225 - 0.0024 229 - 0.0006

T 230 - 0,0011T 231 - 0.000l 235 - 0.0022

T 236 - 0.0020 T 237 - 0.0000 404 " 0.0000

T 405 - 0.0000 T 406 - 0.0000 410 - 0.0000

T 411 " 0.0000 T 412 - 0.0000 416 - 0.0000
T 417 " 0.0000 T 416 - 0.0000 422 - 0.0000

T 423 " 0.0000 T 424 - 0.0000 424 " 0.0000

T 429 " 0.0000 T 430 - 0.0000 434 " 0.0000

T 435 - 0.0000 T 436 - 0.0000 703 - -0,0211

T ?04 - -0.0325 T 705 - -0.0320 709 - -0.0371

T 710 - -0.0193 T 711 - -0.0241 715 - 0.0021

T 716 - -0.0100 T 717 - -0.0911 721 - -0.0362
36

T 104 - 13,0667 T 105 - 10,9477 T 106 - 10.1604 T

T 110 - 11,5939 T 111 - 12.4460 T 112 - 12.1212 T

T 116 - 7.6946 T 117 - 14.4533 T 118 - 11.3933 T

T 122 - 12.6262 T 123 - 12,7079 T 124 - 8.5339 T

T 124 - 11.4676 T 129 - 22.0564 T 130 - 14.1966 T

T 134 - 16.0576 T 135 - 16.7455 T 136 - 8.6061 T

T 153 - 0.7012 T 154 - 0.7046 T 155 - 0.5896 T

7 159 - 0.6424 T 160 - 0.6244 T 161 - 0.6704 T

T 165 - 0.3680 T 166 - 0,4144 T 167 - 0.7784 T
T 171 - 0.4504 T 172 - 0.6800 T 173 - 0.6844 T

T I77 - 1.0556 T 174 " 0.6176 T 179 " 1.1880 T

T 163 " 0.9376 T 114 - 0.8648 T 185 - 0.9040 T

T 202 - 0.0034 T 203 - 0.0032 T 204 - 0.0027 T

T 208 - 0.0024 T 209 - 0.0022 T 210 - 0.0029 T

T 214 - 0.0026 T 215 - 0.0027 T 216 - 0.0024 T

T 220 - 0.0000 T 221 - 0.0030 T 222 - 0.0029 T

T 226 - 0.002? T 227 - 0.0025 T 226 - 0.0028 T

T 232 - 0.0012 T 233 - 0.0020 T 234 - 0.0018 T

T 401 - 0.0000 T 402 - 0.0000 T 403 - 0.0000 T

T 407 - 0.0000 T 405 - 0.0000 T 409 - 0.0000 T

T 413 - 0.0000 T 414 - 0.0000 T 415 - 0.0000 T

T 419 - 0,0000 T 420 - 0.0000 T 421 " 0.0000 T

T 425 - 0.0000 T 426 - 0.0000 T 427 - 0.0000 T

T 431 - 0.0000 T 432 - 0.0000 T 433 - 0.0000 T

T 437 - 0.0000 T 701 - -0.0353 T 702 - -0.01|I T
T 706 - -0.0112 T 707 - -0.0196 T ?04 - -0.0262 T

T 712 - -0.0305 T 713 - 0.0019 T 714 - 0.0097 T

T 718 - -0.0|39 T 719 - -0.0427 T 720 - -0.0692 T

1.31NETNORK ANALYSIS ASSOCIATES, INC. - PAGEICC) COPYRIGHT 19|2,1903,1964,19|5,19|6, 1989 J.D.GASKI

STS 36 PRE-_AUNCH SURFACE ENVZRONHBNT M_X3EL (A-,|)

T 722 - -0.0242 T

T 72| - -0,0214 T

T 734 - -0.0584 T

T 403 - 0.0396 T

T 009 - 0.0000 T

T 015 - 0.0612 T

T 621 - 0.0000 T

T 627 - 0.0000 T

T 833 - 0.0000 T

T 902 - 136.6227 T
T 90| - 0,0000 T

T 914 - 17|.7651T

T 920 - 0.0000 T

T 926 - 0.0000 T

T 932 - 0.0000 T

SINDAI19$71ANSI

723 - -0.0225 T 724 - -0,0041 T 725 - -0.0461 T 726 - -0.0389 T 727 - -0.0609

729 - -0.1222 T 730 - -0.0992 T 731 - -0.1185 T 732 - -0.0920 T 733 - -0.0601
735 - -0,0346 T ?36 - -0,0236 T 73? - -0,2672 T |01 - 0.0000 T B02 - 0.069|

004 - 0.0000 T |05 - 0.0000 T 006 - 0.0101 T 007 - 0.0000 T |0| - 0.0000

$10 - 0.0000 T |11 - 0.0000 T 812 - 0.0000 T 513 - 0,0126 T 114 - 0.0914

816 - 0.0000 T 417 - 0.0000 T 01| - 0,0000 T 119 - 0.0000 T 820 - 0.0000

022 - 0.0000 T |23 - 0.0000 T 024 - 0.0454 T |25 - 0.0000 T 626 - 0.0000

|26 - 0.0000 T |29 - 0.0000 T |30 - 0.0000 T 831 - 0.0000 T 432 - 0.0000
|34 - 0.0000 T |33 - 0.0000 T |36 - 0.0000 T 637 - 0.0000 T 901 - 0.0000

903 - 77.5146 T 904 - 0.0000 T 905 - 0.0000 T 906 - 19.6523 T ' 907 - 0.0000

909 * 0.0000 T 910 - 0.0000 T 911 - 0.0000 T 912 - 0.0000 T 913 - 24.7034

915 - 119.7997 T 916 - 0.0000 T 917 - 0.0000 T 915 " 0.0000 T 919 - 0.0000

921 - 0.0000 T 922 - 0.0000 T 923 - 0.0000 T 924 - 3|.43S6 T 925 - 0.0000

927 - 0.0000 T 92| " 0.0000 T 929 - 0.0000 T 930 - 0.0000 T 931 - 0.0000

933 - 0.0000 T 934 - 0.0000 T 935 - 0.0000 T 936 - 0.0000 T 937 - 0.0000
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Introduction to Chaoter 4

Snacecraf_ Thermal Design Analysis

Thermal design of spacecraft and payloads represents a significant analytical challenge.
Techniques for thermal design usually include a combination of techniques utilizing active
and passive systems. Understanding of the orbital radiation environment is also required.
In this chapter specialized analytical techniques are presented for spacecraft design
problems which are encountered with significant frequency. Section one is an example
illustrating sizing of a component heater for a typical application. Section two is a
particularly innovative approach toward analytical determination of multilayer insulation
(MLI) performance. Prediction of MLI properties is a task which occurs frequently for
thermal vacuum testing related to correlation of analytical models. Finally, Section three
illustrates utilization of TRASYS to predict orbital environments for simple geometries.
The effects of orbital altitude and spacecraft orientation are presented. The results
presented in this section can be used to estimate orbital heat fluxes for simple geometries.
This can be used for rough order of magnitude hand calculations.
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CHAPTER 4: SPACECRAFT THERMAL DESIGN ANALYSIS

SECTION 1: Resistive Heaters

ANALYSIS CODE: SINDA (Gaski Version)

I. Preface to the Problem

This chapter presents analytical methods applied to active thermal control
systems (TCS). Most thermal designs use passive control (insulation blankets,
optical properties, etc.) to the maximum extent possible due to restrictions on
the available electrical power for active systems. However, in cases where
strict thermal control is necessary, most designs require some amount of active
control. It is usually the goal of the designer to control some portion of the
hardware within a very restrictive temperature range. In many cases these

designs are cold biased and retrofitted with resistive heaters. It is the purpose
of this section to present methods used with the SINDA code to design such
systems.

II. Identification of the Problem

This example was taken from the design of an active thermal control system for
the Hubble Space Telescope Maintenance Mission. Orbital replacement units
(ORU's); which included batteries, rate gyros, computers, etc.; were covered
with multilayer insulation (MLI) and mounted on a shelf in the shuttle cargo
bay. Ideally, ORUs should be maintained at approximately the same initial
temperature at which they were maintained prior to launch. This was necessary
due to the nature of the heat losses during the changeout timeline when the units
were uninsulated and unheated. In addition, the active control system had to be

located on the shelf to avoid an electrical disconnect by the astronaut during
changeout.

III. Formulation of the Problem

The thermal model for this example is shown in Figure-1. It includes an ORU,
the equipment shelf, and a support strut. The following information is known
for the cold case design conditions:

(a) Effective sink temperature for radiation (orbital average)
0a) Boundary temperature at the strut for conduction (orbital average)
(c) Effective emissivity of the MLI is .02

(d) Contact conductance between the ORU and shelf is 100 btu/hr*ft2*°F

(e) Assume for this example that the heater is located as shown in Fig.-la

With this information the goal of this analysis is to determine the heater size

required to maintain the ORU above 60 OF.

4-1-1



#ink
555
• (- _so r)

_, ORU "
101

heoter _ _ar Strut/_-J

• (- Io
,501

con_qc_.ion
link

IV.

FIGURE-la

Analysis

A. Key Method

The key stepstocalculatetherequiredheatersizearelistedbelow.

(I) Connect allnodes locatedattheheatertoa singleboundary node. Scc

Figure-lb.
(2) Set each conductortoa largevaluerelativetootherconductorsatthatnode-

-the actual value is irrelevant.

(3) Set the boundary node to a temperature slightly above the desir_
temperature.In thiscase,something justabove 60 °F.

(4) Run a steadystateanalysisforthecoldcasedesignconditions.

(5) Ifthe hardware isatthedesiredtemperature,calculatethebeatflow from
theheaternodes totheboundary node.

By connecting the heater nodes (208, 209, 210, & 211) to a boundary node
(502) with a relatively high conductor, the nodes may be driven to the boundary

4-1-2



nodetemperature.If this results in an acceptable ORU temperature, then the
minimum heater power is the heat loss from the boundary node to the heater
nodes.

G1

208 209 210 211

G2 G3

G4

502

ql =

q3 =

FIGURE-Ib

GI*(T208 - T502) q2 = G2*(T209 - T502)

G3*(T210 - T502) q4 = G4*(T211 - T502)

qT " ql + q2 + q3 + q4

B. Thermal Model

A listing of the SINDA input deck is given on the following pages. Step No. 5 of
the list is coded in the OUTPUT block before the data is written to the output file.
Additional boundary nodes (900, 908-911) were defined for the sole purpose of
storing heat rates once they are calculated. The heat rates will then be included in
the output file.

An additional feature of the coding is located in the EXECUTION block. After the
solution routine is completed, the program checks the ORU temperature to assure it

is above 60 OF. If the temperature is below 60 OF, the solution routine is repeated
with a higher boundary temperature at the heater nodes.

SINDA INPUT LISTING

BCD 3THERMAL LPCS

BCD 9ORU HEATER DESIGN, example for workbook, rev 2-25-91

FILE: c:\gaski\models\oru.sin
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This model is an example case of the methods used to determine heater

sizes for active thermal control systems.

END

BCD 3NODE DATA

I01, 70., 5.8 $ ORU

GEN 201, 19, I, 70., 0.183 $ SHELF

301, 70., 0.124 $ STRUT FITTING

401, 70., 0.528 $ STRUT

402, 70., 0.528 $ STRUT

403, 70., 0.528 $ STRUT

GEN 600, 20, i, 70., -i. $ MLI OUTER SURFACE

-501,-II0., 0.

-502, 61., 0.

-555,-150., 0.

$ STRUT BOUNDARY

$ HEATER ZONE BOUNDARY

$ MLI BOUNDARY

-900, 0., 0. $ Total heater power, watts

-908, 0., 0. $ Heater power to N208

-909, 0., 0. $

-910, 0., 0. $

-911, 0., 0. $

END

BCD 3CONDUCTOR DATA

GEN i001, 8, i, 206, i, i01, 0, 10.42

GEN 2001,18, i, 201, I, 202, I, 7.07

3001, 216, 301, 1.71

3002, 217, 301, 1.71

4001, 301, 401, .036

4002, 401, 402, .073

4003, 402, 403, .036

5001, 403, 501, .023

$ ORU-SHELF

$ SHELF-SHELF

$ SHELF-STRUT

$ SHELF-STRUT

$ STRUT-STRUT

$ STRUT-STRUT

$ STRUT-STRUT

$ STRUT-BOUNDARY

GEN 5501, 4,1, 208,1, 502,0, 70. $ SHELF-BOUNDARY

C

C RADIATION

C

-1501, i01, 600, 1.8557E-10 $ ORU-MLI

-2501, 201, 601, 1.42668E-II $ SHELF-MLI

GEN -2502, 4, i, 202, i, 602, l, 9.5113E-12 $ SHELF-MLI

GEN -2506, 8, i, 206, i, 606, i, 4.7556E-12 $ SHELF-MLI

GEN -2514, 5, i, 214, I, 614, I, 9.5113E-12 $ SHELF-MLI

-2519, 219, 619, 1.4266BE-II $ SHELF-MLI

-6000, 600, 555, 8.165E-09 $ EXTERIOR MLI-BOUNDARY

GE_ -6001, 5, i, 601, I, 555, 0, 4.1850E-II $ MLI-BOUNDARY

GEN -6006, 8, i, 606, I, 555, 0, 8.3699E-II $ MLI-BOUNDARY

GEN -6014, 5, i, 614, i, 555, 0, 4.1850E-II $ MLI-BOUNDARY

END

BCD 3CONSTANTS DATA

NDIM, I000

END
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BCD 3ARRAY DATA

C

C

M

M

M

C

C

C

C

F

M

F

M

M

C

END

BCD 3EXECUTION

TIMEO - I.

DTIMEL z 0.I

DTIMEH= 0.i

NLOOP - I000

DRLXCA- 0.i

ARLXCA- 0.i

BALENG= 0.3

If the ORU temp. is less than 60 F increase the boundary and

repeat the solution routine.

i0 CONTINUE

TIMEO- TIMEO + I.

CALL STDSTL

T502= T502÷.5

IF{TI01.LE.60.) GO TO I0

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

Calculate the heat loss from each heater node.

T908= G5501*(T502 - T208)

T909= G5502*(TS02 - T209)

T910= G5503*(TS02 - T210)

T911 z G5504*(T502 - T211)

T900- T908 + T909 + T910 + Tgll

T900 z T900/3.4121 ! Convert to watts

CALL TPRINT

END

BCD 3END OF DATA
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IV. Results

Final results of the SINDA steady-state solution routine are given on the following page.

The required heater size is given as 5.8 watts ('rg(_). This value is calculated by adding
the energy transfer across the four conductors between the heater nodes (T208, T209,
T210, & T211) and the boundary node (T502). This value is then coverted from Btu/hr

to watts. It represents the steady-state energy load required to maintain the ORU at 60

°F. In other words, a heater operating at a 5.8 watt power level would have a duty

cycle of 100%.

Once the minimum heater size calculation is completed, additional trade studies may be

requir_ todetermine theoptimum heatersize,heaterlocation,and thermostatsctpoints.

Itisnot the purpose of thissectionto addressallof theseoptions. However, thiscase

was analyzed furtherto presentadditionalsizeconsiderations.A rule-of-thumboften

applied to resistive heaters with thermostatic control, is to size the heater 1.5 times larger
than the design cold case at minimum voltage. For this case, that would bc 1.5 x 5.8 =
8.7 watts. Unnecessary cost might bc involved with requesting a 8.7 watt heater.

Assuming the vendor has a 10 watt heater readily available, a n'ansicnt analysis was

completed using a 10 watt heater with thermostat sctpoints at 61 to 63 OF.

Figure-2 presents the temperature of the ORU and the temperature of node no. 208.
Node 208 is the assumed location of a single thermostat controlling the 10 watt heater.

Figure-2 shows that the ORU remained above 60 OF as desired. The figure also shows
a heater duty cycle of about 58%. Such duty cycle calculations are often required to
assess life expectancy of the active control system components. For additional design
considerations the reader is referred to Volume 3 of this workbook series.
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STEADY-STATE ANALYSIS

T 101 - 60.0837 T 201 * 58.1105 T 202 - 58.9033 T 203 ° $9.0G20 T 204 * 59.2856 T 205 - 59,$775

T 206 - 59,9357 T 207 - 60.1267 T 208 - 60.4187 T 209 - G0.4406 T 210 - 60.4405 T 211 - 60.4177

T 212 * 60.111G T 213 - 59.e|39 T 214 - 59.3160 T 215 - 55.9415 T 215 - 54.5G31 T 217 - 5|.3710

T 218 - $8.3154 T 219 * 58.3154 T 301 - 58.0316 T 401 - 16.6483 T 402 - -3.7705 T 403 - -45.1421

T 600 - -131.7101 T 601 - -61.1518 T 602 - -79.5464 T 603 - -79.4719 T 604 - -79.3665 T 605 - -79.2295

T 606 - -124.5133 T 607 - -124.4757 T 601 - -124.4171 T G09 - -124.4124 T 610 - -124.4124 T 611 - -124.4174

T 612 - -124.4797 T 613 - -124.5243 T 614 - -79.319$ T 615 - -79.52|5 T 616 - -79.7062 T 617 - -79.7964

T £18 - -79.8225 T 619 - 51.3154 T S01 - -110.0000 T 502 - 60.5000 T 555 - -150.0000 T 900 - b.7975

T 908 - 5.6909 T 909 - 4.1614 T 910 - 4.1656 T 911 - S.7635 T
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CHAPTER 4: SPACECRAFT THERMAL DESIGN

SECTION 2: Thermal Math Model Manipulation

ANALYSIS CODE: SINDA (Gaski Version)

ANALYSIS

I. Preface

Typically, thermal models are constructed using various assumptions. Hopefully
these assumptions lead to conservative analyses that envelope actual responses.
They do not, however, necessarily lend themselves to the precise thermal
predictions characteristic of correlated thermal models. Correlating a thermal model
to agree with test results can be an arduous task. Considerable time and effort are

often expended in performing repetitive analyses in an effort to alter the model until
its results match that of the test. The fact that ideal steady state is seldom attained
during testing mandates model comparisons be made using transient analyses,
another demand for more time.

Multilayer insulation (MLI) is a classic example where its performance is modeled
using assumed values. The purpose of this section is to demonstrate a technique in
which the analyst can make use of SINDA's "BACKUP" control constant and

iteratively change the assumed values until the model's results agree with those
from testing.

II. Identification of the Problem

MLI is a common item on countless spacecraft. Despite its frequent use, its actual
performance, as quantified here by its effective emittance, e*, is sensitive to
numerous factors and difficult to quantify. Penetrations, folds, blanket size, etc.
can all lead to less than ideal blanket performance. These factors combined with
MLI seldom reaching its theoretical performance, even in the simplest geometries,
makes blanket modeling on complex structures a matter of best guess. Further,
since a blanket's peak performance is not reached until it has had sufficient time to
vent, modeling the transient response in a testing environment becomes even more

difficult. Given sufficient environmental test data, the question then becomes how
do you accurately assess the actual blanket performance?

III. Formulation of the Problem

The example presented is a trivial one, but is a representative case where test results

do not agree with the analytical predictions of the model in its present form. The

model consists of a flat plate, 1 ft 2 in radiating area, covered in MLI, with a

resistive heater to maintain the plate's temperature. The environment is provided by
a thermal vacuum chamber with a liquid nitrogen (LN2) shroud. A schematic is
shown in figure 1. The goal of this analysis is for the model to adjust its network
during the analysis until its predictions correlate well with the test results.
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IV. Analysis

A. Key Method

The key steps in applying this technique to either a trivial or a complex model, are
listed below:

(1) First select the network parameters which are in question and are good
candidates to manipulate. (Ideally, this process was completed prior to the test

plan developement and there are sufficient test measurements available to
adequately perform this task.)

(2) Next, an algorithm to modify the selected parameters is developed. This
algorithm will be some mathematical funclaon of what the model predicted, what
the test results were, and the present value of one or more network parameters
including the one in question. Recognize that in complex models there may be
significant parameter interrelationships, e.g. one parameter may influence
several temperatures. The algorithm used in this model is one which has
worked well for MLI predictions, different type paramenters such as linear
conductors will require their own special treatment. Whatever the algorithm,
sufficient aamping should be included to prevent over exaggerated changes to
the network and the situation where SINDA's solution oscillates about the test
data but never comes within the accuracy criteria. To avoid this predicament it's

a good idea to add some logic to check for the number of times the solution has
been consecutively scrubbed. If this does occur, the easiest way to escape this
is to "punt", set the model's temperature to the test data and hope for better luck
in the next iterative solution.

B. Thermal Model

A partial listing of the SINDA input model is given on the following pages.
Numerous comments have been added and should be perused to better understand

the added logic. It is important to remember here how SINDA calls the
VARIABLES1 and VARIABLES2 subroutines. In general, VARIABLES1 is

called each iteration until all of SINDA's accuracy parameters are met or NLOOP is
exceeded. After a solution is found, VARIABLES2 is called. It is in
VARIABLES2 where the user should make the test data comparisons and include

the logic for setting the BACKUP constant. When the BACKUP constant is set,
the last solution is scrubbed, (the initial conditions/previous solution are still

available) the program goes back and the iterative solution starts again. In this
example, when BACKUP is set, the effective emmitance of an MLI blanket is
modified, and likewise the results from the next solution using the newly defined
network.

4-2-2



SINDA INPUT DECK

BCD 3THERMAL LPCS

BCD 9SAMPLE TO DETERMINE e* FROM TEST DATA
END
BCD 3NODE DATA

C

1.70,.0023 $1 ft**2 AI plate
2,70.,-1.0 $ Outside MLI surface

-55555, -300., 1. $ Shroud node, LN2

-10,0.0,1.0 $ Storage for e*

C FOR MORE CO_ MODELS YOULL PROBABLY NEED AT LEAST ONE BOUNDARY
C NODE FOR EACH TEST MEASUREMENT FOR TWO REASONS. FIRST,
C YOU CAN USE THESE TO set THE MODELTO THE INITIAL CONDYrlONS (SEE
C THE EXECIYrlON BLOCK) AND SEC_NDTHEY CAN BE USEDTO INSERT THE TEST
C DATA INTO T]_ OUTPUT OR PLOT FILES,

-20,0.0,1.0 $ Boundary for Test Dat.
C $ Corresponding to Node 1

END

BCD 3C'ONDUCTOR DATA
C

C RADK'S

-1.1,2,1.714E-9".02 $Initial guess of .02
-2,2,55555,1.714E-9".88 SMLI Surface to Shroud

C

C AS MENTIONED ABOVE, TO INrlIAHZE THE MODEL COUPLE THE MODEL'S

C CORRESPONDING NODES TO THE APPROPRIATE BOUNDARY NODI=-_ WITH TIlE TEST

C DATA. NOTE: THIS CAN BE DONE WITH A SINGLE CONI_CTOR WITH AS MANY
C NODE PAIRS AS YOU DESIRE. (THIS MAKES UNCOUPLING A LOT EASIER DOWN

C INTHE EXF/ILrFION BLOCK)
C *******************************************************************

3,1,20,10.0 STest Data Coupling for Initializing

END

BCD 3CONSTANTS DATA
NDIM=1000

DTIMEI= 0.025

TIMEO = 0.0
OUTPUT= 0.025

TIMEND=- 0.0
C

_P = 2000

DRLXCA= 0.005
ARLXCA= 0.005

RTEST= 0.0 $ Flag used ha VARIABLES2 md SINROUTI]VE

ITEST= 0 $ Flag used in VARIABLES2

C

C

C

END

BCD 3ARRAY DATA

1005 TEST TEMPERATURE DATA FOR MEASUREMENT #1

0.000E+O0,0.700E+O2,0.500E-01,0.284E+02,0.100E+O0,..153E+01
0.150E+00,-.150E+02o0.200E+OO,-.209E+02,0.250E+00,..227E+O2

(Remainder of Array Data Removed for Brevity)
ENDS

END

BCD 3EXECLrFION
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C ORDINARILY WHEN WORKING WITH REAL TEST DATA FOR MORE CY)MPLEX MODELS
C YOU SHOULD FIRST ATIEMFF TO INTIAtIZE THE MODEL TO THE INITIAL
C CONDITIONS OF THE'lEST ARTICLE. THIS CAN BE ACCOMPLISHED IN A
C NUMBER OF WAYS BUT ONE RElaTIVELY EASY WAY IS BY PLACING EACH
C TEST MEASUREMENT INTO A BOUNDARY NODE LOCATION WHICHIS COUPLED TO
C THE CORRESPONDING MODEL NODE WITH AN ARBITRARY LARGE CONDUCTOR. A
C STF_XDYSTATE SOLUTIONIS THEN PERFORMED TO IN1TEALIZETHE MODEL AS
C BEST AS POSSIBLE TO THE CONDITIONS ATTHE START OFTIETEST. THEN
C AFTER TIE MODEL IS INITIALIZED SETTHE ARBITRARY CONDUCTOR TO ZERO
C TO UNCOUPLE THE MODEL FROM THE TE_ DATA. YOU MAY WANT TO USE A
C VARIABLE HERE AS FLAGTO OECK IN VARIABLE_ SO THAT YOU DON'F
C ATTEMtFF ANY NETWORK MANIFULATION AFTER THE STEADY STATE SOUJI1ON.
C i_ t)ssl)smssss)i)s)Iils)al)i_lesillsiss)ss)ssweslslls)smlills)li_)

C
M CALL D1DEGI(TIMEO,A100,T20)$ FOR MEAS # 1
F CALL SNDSNR
F TIMEND=10.0
C ZEROOUT THE CONIX_CIDR TO THE TESF DATA
M G(3_=0.0
C CLEAR THE FLAG POR VARIABLES2 CHECKS
F ITEST=I
C
F CALL FWI_KL
C

END
BCD 3VARIABLES 1

M QI=1.35
END
BCD 3VARIABLES 2

C CHECKIFTHIS VARIABLES2 C,M.,LISFOR THE _ STEADY STATE
C SOLUTION SO NO NETWORK ADJUSTING WILL BE DONE FOR THE IN1TIAL
C CONDITIONS.

F IF(FEST.EQ.O)GOTOloo
C
C READTHETE_ DATA

D1DEGI(TIMEN,A100,T20)$ FOR MEAS # 1
C AT THIS POINT, IF YOUR TEST DATA HAS NOT HAD MUCH REDUCTION
C YOU MAY WANT TO DO SOME VALID1TYCHECKS TO DEIEC_ BAD
C MEASUREMENTS, ZERO COUNT READINGS ETC.
C
C CALL TIE SINROUTINE WITH THE ADJUSTMENT ALGORrI'HM
C THE .25 IS AN ACCURACY PARAMErER, HOW WELL YOU WANT
C TO MATCH TIE TEST DATA. YOU COULD OF COURSE USE A USER
C SPECIFED CONSTANT BUT SOME CASES DICTATE THAT DIFFERENT
C ACCURACY CRITERIA BE USED POR DIFFERENT PARAME'IERS
C
M CALL GADI(T1,T20,G1,.25)
C
C SAVE THE NEW _*, FOR FUTURE REFERENCE
M T10=G1fl.714E-9
C
F 100 CONTINUE

C CHECK AND SEE IF THE RTEST VARIABLE WAS EVER 1XIPPED.
C IN A SIMPLE MODEL LIKETHIS YOU CAN CAN SETTHE BACKUP
C CONSTANT IN THE SINROUTINE BUT IF YOU AD]UffI'ING SEVERAL
C PARAMEIERS ITS BETIER THIS WAY. THIS WAY IS MORE AMENABLE
C TO KEEPING TRACK OF HOW MANYTIMES THE SOLUTION GOT SCRUBBED
C RATHER THAN HOW MANY PARAMETERS DICTATED THAT THE SOLUTION
C BE SCRUBBED.

F IF(RTEST.EQ.1.0)THEN
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F BACKUP=I.O
F ENDIF
F RTEST=O.O

END

BCD 3OLrrPUT CALLS
C
M
F
F
C
C
F
F
F
F
F

F

CALL DIDEGI(TIMEN.AI00,T20)$ FOR ME,aS # I
CALL TPRINT

CALLTDUMP

PRINT SOME HE.ADINGS

IF(rrEST.EQ.I) THEN

WRITE(6,50)

50 FORM AT(60('=')J,5X,'I'IM EN',9X,'PR EDICT',9X,'TEST', 12X,
* 'e*'J,60('='))
NUNE=NLZNE+2

ENDIF
END

BCD 3SINROLrHNE GADJ(TMOD,TESTr, COND,ACCPAR)

CALCULATE DIFFERENCE BETWEEN TEST AND PREDICTS
DELTA=TMOD-TES'IT

BACKOUT THE PRESENT e* IN THE CONDUCI_R
ESTAR= COND/1.714E-9

C

F

C

F
C

F IF(AB S (DELTA).GT.ACCPAR) THEN

C WRITE TO THE OUT FI_ A I_ VARIABL_ SO YOU

C CAN KEEP TRACK OF WHATS HAPPENING, THIS IS VERY

C ESSENTIAL FOR THE FIRST TIME YOU A'/TEMFr THIS !

F WRITE(6,*) TIM EN,TMOD,TESTr, ESTAR
F NL/NE=NLINE+I
C CALL-RJLATE A NEW e*

F ESTAR=ESTAR* (1.+(SIGN(O.OS,DELTA)))**(AB S(DELTA)*.5 )
C REDEFINE THE CONDOR
F COND=ESTAR* 1.714E-9

C SET THE FLAG THAT IS USED TO SET THE BACKUP CONSTANT UP IN VARIABI.ES2
F R_=I.0

F ENDIF
END
BCD 3END OF DATA

IV. Results

The results are given on the following page. Figure 2A is a po_on taken from the
output file with the added "writes" from the algorithm showing how the results for

a particular e* compared with the results from test. Note that the e* for a given
TIMEN was either the initial guess or the one calculated from the data listed in the

previous write. If there are problems in matching the data, this information in the
out file can be used to verify that the algorithm is functioning correctly. An
indication of a bad algorithm is that execution never stops; BACKUP is continually
set and TIMEND is never reached.

Figure 2B is a plot of what the model determined to be the e* during the test. These
results are somewhat typical of blanket responses during the initial transient when
outgassing degrades performance with the final performance even better than
initially assumed.
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SINDA OUTPUT

Figure 2A

**$$$$$$$$$Nm$$m$$

TIME= 0.(XXK_E+O0, DTIMEU= O.O0000E+O0, CSGMIN( 0)= O.O0000E+O0, ATMPCC( 0)= O.O0000E+O0.

DTMPCC( 0)= 0.00000E+O0
LOOPCT= 0 , ARI..XCC( 0)= 0.00000E+00, DRLXCC( 0)= 0.000(OE+00

T 1 = 69.8730 T 2 = -238.8354 T 55555 = -300.0000 T 10 = 0.0000 T 20 = 70.0000 T

=_-- ,

TIMEN PREDICT TEST e*

2.5000000E-02 57.37366 49.20000 2.0000000E-02

2.50(XXM_E-02 52.09204 49.20000 2.4413325E-02
2.5000000E-02 50.01437 49.20000 2.6197935E-02

$, $.$ $$$Nm$$#m$$$Nm$

TIME= 2.50000E-02, DTIMEU= 2.50000E-02, CSGMIN(

DTMPCC( 1)=-2.04646E+01
LOOPCT= 3 , ARLXCC(

1)= 2.02800E-01, ATMPCC(

2)= 6.10352E--05, DRLXCC(

T 1 = 49.4084 T 2 = .233.7419T 55555 = 300.0000 T I0 = 0.0267 T 20 =

2)= 5.09358E+O0,

1)= 1,83105E-04

49.2000 T
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FIGURE 2B. Blanket Effective Emittance (e*)

as Determined by the Model
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CHAPTER 4: SPACECRAFT THERMAL DESIGN ANALYSIS

SECTION 3: Simplified Spacecraft in Various Earth Orbits.

ANALYSIS CODE: TRASYS

I. Preface

II.

III.

The radiation incident on an orbiting spacecraft is an important design consideration
and an important part of the thermal analysis performed on the spacecraft. This
section is designed to accomplish two goals: First, to give the designer and analyst
a reference of approximate values for incident radiation encountered from all sides
of the spacecraft in various orbits. Second, to give examples of TRASYS input
code used to define those orbits. Graphs of the results are presented to aid in
visualizing the relationship between orbit parameters and incident radiation.
Explanations of the input code are also given to aid the beginning TRASYS user in
putting together the code necessary to define an orbit.

Statement of the Problem

Incident radiation is to be determined for all surfaces of a spacecraft in various
orbits. The final data should provide approximate values applicable to a majority of
useful Earth orbits. These orbits will include altitudes from 150 nautical miles to

geosychronous orbit (approx. 23,000 nmi). They will also include the full range of
orbital inclinations, for both Sun (inertial) and Earth oriented spacecraft.

Formulation of the Problem

A. The Spacecraft

In order for the data to be most applicable to a wide variety of spacecraft, a
simple six-sided cube was chosen to model a spacecraft. The dimensions of

the cube are lftxlftxlft, and surface properties of (x=l (absorptivity) and

e=l (emissivity), to allow simple conversion of the results to any
spacecraft. The labeling of the sides and their orientations are shown in
Figure 1.

ORBIT

ALTITUDE 180 ° PATH

BETA

TO SUN
270* 90 ° ="..--

TO SUN

ORBIT

PLANE,

SIDE VIEW OF PLANET

FIGURE

TRUE

ANOMALY'

1:

TOP VIEW OF PLANET

Orientation of Spacecraft
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B. Definition of Orbit Parameters

All orbits will be circular, Earth orbits with a longitude of ascending node at
-90 ° (The orbit crosses the equator at the Earth's day/night terminator).
Calculations will be done at 12 equally spaced points around the orbit.
TRASYS also does calculations at the planet's shadow entry and exit
points. These points are defined by True Anomaly. True Anomaly is the
angular position of the spacecraft in the orbit path. The parameters to be
varied are the Beta (orbital inclination) value, the altitude, and the orientation

of the spacecraft. Figures 1 and 2 illustrate these parameters.

IV
I

PLANET

III

"t
TO SUN r

PLANET ORIENTED SUN ORIENTED

FIGURE 2: Orbit Parameters

By varying these parameters, data applicable to most orbits and orientations
can be obtained. Notably absent from the orbits used are the elliptical orbits
and spinning spacecraft. Though TRASYS can handle both of these
variations, they will not be included here. Most spacecraft analyzed here at
MSFC use circular orbits, elliptical orbits are usually encountered only

briefly before or during deployment. Data for spinning spacecraft can be
approximated by averaging data for the sides of the cube that would be
affected by the spin. The orbits used are based on a baseline orbit of
200nmi, Beta=0 °, and a Sun orientation. Table 1 details the orbits used to
obtain the data.
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IV.

ORBIT

CASE I
CASE H

CASE HI

CASE IV

CASE V

CASE VI

CASE

CASE

CASE IX

CASE X

CASE XI

CASE XII

CASE

CASE XIV

CASE XV

CASE XVI

CASE

BETA ANGLE

(degrees)
0

0

0
0

0
0

VII 0

VIII 0

0

0

15

30

XIH 45

60

75

9O

XVH 0

CASE XVHI 30

CASE XIX 60

ALTITUDE

(nautical miles)
150

200
300

400

600

800

5000
10000

17000
23000

200

200

200

200
200

200

200

200

200

ORIENTATION

SUN
SUN

SUN

SUN

SUN

SUN
SUN

SUN

SUN

SUN

SUN

SUN

SUN
SUN

SUN
SUN

EARTH

EARTH

EARTH

TABLE 1: Definition of Orbits

Analysis

TRASYS requires an input file, a modified FORTRAN code that contains
information about the model, its motions and surroundings, the results, and how
the results should be calculated. This input file is divided into blocks, each with a
different purpose. Each block begins with a 'HEADER' line. Figure 3 is the
complete input file for the baseline orbit.
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HEADER OPTIONS DATA

TITLE SPACECRAFT THERMAL RADIATION MODEL

MODEL -SCRAFT

BCDOU - TXXXX

RSO - TXXXX

USER1 - TXXXX

INFO - NO

HEADER SURFACE DATA

C CUBE IN SPACE

S SURFN=500

ACTIVE-OUT

PROP=I., 1.

TYPE-BOX6

PI-I.,I.,I.

TZ--. 5

TY--.5

TX=-. 5

NNX=I

NNY-I

HEADER OPERATIONS DATA

BUILD SCRAFT

CALL FFDTTA(.005,.I,4HSHAD, 15., I.E-6,3HYES, 3HYES, 2HNO, 0,0)

L FFCAL

CALL GBDATA(4HBOTH, 0,O)

L GBCAL

CALL RKDATA(0,3HYES, 0.0002,1,5HSPACE, 9999,0.0,I.0,2HNO, 0}

L RKCAL

CALL ORBIT1 (3HEAR,-90.,0., 0., 0., 6080.'200., 0., 0., 0., 0., 0.)

CALL ORIENT (3HSUN, i, 2, 3, 0. ,0., 0. )

CALL DIDTI(4HNOSH, 0,0,0.,0,0.,3HYES, 0)

ORBGEN INER, 0.,360.,12,AQ,NO, 0.,I

END OF DATA

FIGURE 3: TRASYS Input File

Explanations of the input fde will be limited to the Operations Data block. The
information contained in the Operations Data block often seems redundant, but

TRASYS usually requires all of iL When building the _tions Data block it is
important to use the TRASYS manual to check each line for prerequisites. Use of
one subroutine often requires that other subroutines also be included. The

Operations Data block presented here has aU of the lines needed to define most
orbits, including elliptical orbits and orbits around various planets. Spinning

spacecraft are possible with the use of one or two more lines (subroutines Spin and

Spinav).

A. BUILD SCRAFT

Tells TRASYS to build the model or a part of the model. Each model and
submodel islabeledand thiscommand allowsindividualpiecesof themodel

to be tested and analyzed separately. Note that the third line of figure 3

gives the model its name, SCRAFT.

B. FFDATA, GBDATA, RKDATA

These subroutines define information required to compute form factors

(FF), graylx_y factors (GB), and radiation conductors (RADK's or RK).
The actualcalculationisdone by thestatementsFFCAL, GBCAL, and
RKCAL. These factorsareeitherused inthecalculationof incident
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radiation, or the subroutine contains information needed in later

calculations. Form factors arc required for any model where there is
radiation exchange between nodes on the model. The GB factors and the
RADK's are calculated for input into SINDA. The RADK's arc not
required to calculate incident fluxes, but arc included in this example
because they are important SINDA input.

ORBIT1, ORIENT

ORBIT1 is used to define the orbit. It includes information about the orbit

as defined in the celestial coordinate system, the location of the spacecraft in
that orbit, and the location of the Sun and one star. It also defines the planet
being orbited, which defines the planet radius, albedo, distance from the
Sun, etc.. ORBIT2 is similar to ORBIT1 but uses Sun-referenced

parameters in the orbit coordinate system, and may be substituted for
ORBIT1. ORIENT is used to define the orientation of the spacecraft.
Options are planet, Sun, or star oriented. Other values define which side of
the spacecraft is 'facing' the direction of orientation.

DIDTI

DIDT1 contains values defining the accuracy desired in the incident flux
calculations. Calculations of shadowing, i.e. what surfaces shade each
other, and by how much, is the most time-consuming part of TRASYS. To
verify that a model is working properly, or for models in which no shading
will occur, it is better to bypass the shading calculations. The NOSH flag
controls this. Note that the NOSH flag appears in the FFDATA statement
also. DIDT2 or DIDT2S may be substituted if only one position in orbit is
to be considered, they define everything in the ORBIT and ORIENT
subroutines except the planet name and the direction the spacecraft 'faces'.

ORBGEN

ORBGEN allows the calculations of incident radiation to be done not only at
the position specified in the ORBIT subroutine, but at as many places
around that same orbit as are needed. It contains information on the type of
orbit (redundant), at what points of the orbit to do calculations, the types of
information to be calculated, and plot/no plot flags.

Vl

Much of the information in these lines is repeated. Some of the later lines
override the previous information, some don't. The safest rule is to make

sure that the information matches in both places, until you are familiar
enough to recognize what can be passed as 'dummy' arguments, in which
case you will have passed the scope of this example. The Operations Data
block from each orbit has been included at the end of the example.

Presentation and Discussion of Results

The TRASYS output text file is long and mostly redundant. The incident radiation
results are presented in three forms: For each step in the orbit Solar, Albedo
(reflected Solar) and Planetary (infrared) direct incident fluxes are listed for each

side of the cube. These values are summed and presented as totals for each step in
seven arrays at the end of the output, one for each side and one containing
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correspondingtimevalues.An average heating rate for each side averaged over the
entire orbit is also presented at the end of the file.

A. Comparison of the Six Sides

Figures 4a and 4b illustrate the variation in total incident flux on each side as
the spacecraft moves around the baseline orbit. Note the abrupt drop in flux
on side 1] as the spacecraft enters the planet's shadow, and the lack of this

drop in the other sides.

TOTAL

INCIDiENT

FLUX

(Btu/hr ft*2)

TOTAL

INCIDENT

FLUX

(Btu/hr ftA2)

s_o,

400

3o0

f-s

20O

01
0 100 200 300 400

TRUE ANOMALY

FIGURE 4a: Total Incident flux lor each aide.

AIt::20Onmi, _ta=O*
Sun oriented

120

0 100 200 300
TRUE ANOMALY

4OO

FIGURE 4b: Total Incident flux for each aide.

AIt=200nmi, Beta=0*
Sun odented

SIDEO

SIDE II

----0-" SIDE N

SIDEI

SIDE III

SIDEV
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,OOl / _ _ SIDE II
SIDE IV

300.

20O '_0.0===_

0
0 1oo

RGURE _:

200 300
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Total Incldent flux for each slde.
Alt=20Onml, Beta=0°

Earth orlented

400

TOTAL

INCIDENT

FLUX

(Blu/hr ft*2)

500,

o 100 200 3()O
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FIGURE 5b: Total incident flux for each side.
AIt=20Onml, Beta:O °

Earth odented

400

----O'--"

.l.b...

----O----

SIDE I
SIDE III

SIDE V

Figures 5a and 5b illustrate the variation in total incident flux on each side as the

spacecraft moves around the same orbit as in Figures 4a and 4b, but oriented to the
Earth. Note the peaks on the three sides that see direct sunlight. Also note the drop in
two of the sides due to the planet's shadow.

4-3-7



TOTAL COMBINED

FLUX

(ALL SIDES)

(Btu/hr ftA2)

520,

5O0

48O

46O

440'

420'

4O0

38oo _o_oo 2o_oo

ALTITUDE
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FIGURE 6: Total Average Flux vs. Altitude

J

B • Average Flux

The average flux encountered by the entire spacecraft during one orbit as it
varies with altitude is shown in Figure 6. From low Earth orbits to

approximately 500 nautical miles the curve drops due to the weaker effects
of the planetary and albedo fluxes as the orbit becomes more distant. As the
flux from these two becomes less significant, another influence can be seen.

The increasingly larger orbit path makes the time spent in the planet's
shadow less significant and the average starts to increase.
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TOTAL COMBINED

FLUX

(ALL SIDES)

(Btu/hr fi^2)

520'

5oo

48o
0 20 4o 6o ao

BETA ANGLE

100

FIGURE 7: Total Average Flux vs. Beta Angle

Variations in the average flux with Beta angle also come from two sources.
Figure 7 shows the decrease in flux at low Betas, which is due to the orbit's

path moving away from the center of the sunlit side, reducing the flux due
to albedo. From 45 ° to 75" the flux increases dramatically as the orbit path
moves out of the planet's shadow. The f'trst trend, due to lower effects of
albedo continues after 75 °.
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TRUE ANOMALY

FIGURE 8: Variation of flux with Beta angle.

400

C • Total Incident Flux

Figure 8 illustrates the variation in total flux, from all six sides, with Beta
angle at each point around the orbit. The 'dome' on the left of the graph
decreases with Beta due to the decreased effect of albedo as in Figure 7.

The angular portion of the orbit in the planet's shadow can also be seen
decreasing to nothing with the Beta angle.
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TOTAL COMBINED

FLUX

(ALL SIDES)

(Btu/hr ft^2)
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FIGURE 9: Total flux (all sides)
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The variation in total flux on all six sides due to changing altitude is shown in Figure 9.
The 'dome on the left represents the effects of albedo and planetary fluxes, and

decreases with, increasing distance from the planet. This effect can also be seen in the
bottom of the well' on the right. The 'well' is caused by the planet's shadow and

narrows as the orbit becomes larger and the shadow covers a smaller angular portion of
the orbit.
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TRASYS INPUT:
OPERATIONS DATA BLOCKS

_t.gll I

ORBIT DATA:
BZTA-0*

ALT- l S Onllt£

01_ I_MTATIGm : SUW

HEADER C_ERATIONS DATA

BUILD SCRAFT
CALL lqrDATA (. 005, . 1.4HSHAD, 15., 1. Z-E, 3 HTE.S, 3HTES. 2HNO, 0, 0)

L FFCAL

CALL GBDATA (4HBOTH , O, 0)

L

CALL RKDATA (0, 3HTES, 0. DO02, 1,5HSPACE, 9999 oO. O, 1.0, 2HNO, 0)

L RKCAL

CALL ORBITI (3HEAR,-90.,O.,O.,O.,6OeO.*I50.,O.,O.,O.,O.,O.)

CALL ORIENT (3ESUNo 1.2,3, 0. , 0. , 0. )

CALL DIDT1 |4HNC6M, 0, 0,0 . , 0, 0 . , 3HTES, 0)

ORBGEN INER, 0 .,360. ,12, A(:, NO, 0. , i

END OF DATA

CASE II

OKBIT DATA:

BBTA-0*

ALT-200rUtl

OR IEMTATION : SUN

HEADZR OPERATIONS DATA

BUILD S CRAFT
CALL FFDATA (.005 ,.i, 4HSHAD, 15. ,i .E-6, 3HTE3,3HYES, 2KNO, O, 0 i

L FFCAL

CALL GBDATA (4HBOTH, 0,0 )

L GSCAL
CALL _ATA (0,3HTES. 0.0002 ,1 ,5HSPACE, 9999.0 .0, I ,0,2HNO ,0 )

L RKCAL
CALL ORBI T1 (3HEAR. -90., 0., 0., 0., 6080. "200., 0.. 0 •, 0., 0., 0. )

CALL ORIENT (3HSUN, 1,2, 3, 0. , 0., 0. )

CALL DIDT1 (4HNC_H, 0, 0 o0 . , 0, 0 . , 3HYES, 0 )

ORBGE N INF.R, 0., 360. , 12, AQo NO, 0. , 1

END OF DATA

CJUI| If!

CRBIT DATA:

BETA-D*

ALT-300ru_1

_IEMTATIOW : SUN

HEADER OPERATIONS DATA

BUILD SCRAFT
CALL FFI_ETA {.005 , .I,4 HSHAD, IS. o I .l_-6.3HTES ,3MYE$, 2HNO, O, 0 )

5 _TCAL
G_IDATA (4HBOTH , O, 0)

L G_,AL
CALL ttKDATA|0.3HYZS. 0.0002,1,5HSPACE, 9999,0.0,1.0, 2HI_, 0)

L P3CAL
CALL ORBIT1 ( 3HEAR, -90. o0., 0., 0., 60|0. *300., 0., 0., 0., 0., 0. )

CALL ORIgNT (3HSUW, 1,2.3.0. , 0. • 0. !

CALL DIDT1 (4HNOSH, 0, 0, 0., 0, 0., 3HYES, 0}

OR.BG_N TNER, 0., 360., 12, AQ, NO, 0., 1

END OF DATA

4-3-12



CASl IV

ORBIT DATA:

B_TA-0*

kLT-4OOnml

ORIENTATION: SUN

HEADER OPERATIONS DATA

BUILD S CRAFT

CAIL FFDATA ( . 005 o . 1,4HSHADo 15. o 1 . E-6, 3HYFJ , 3HY_$, 2HNO, 0, 0 )
L FFCAL

CALL G_ATA(4MBOTH, O. 0)
L G_.AL

CALL RICDATA ( 0, 3HY_S, 0 . 0002, 1 , SkLSpACE , 99H9, 0 . 0, 1 . 0, 2HMO, 0 )
L RKCAL

CALL ORBIT1 (3HEAR, -H0., 0.. 0., 0., 60|0. *400., 0., 0. ° 0., 0., 0. )
CALL O_IZNT (3HSt_, 1, 2, 3, 0., 0., 0. )

CALL DIDT1 (4HNOSH, 0, 0, 0., 0, 0., 3HyE5,0)

ORBGEN INER, 0., 360., 12, AQ, NO, 0., 1
END OF DATA

CAE| V

ORBIT DATA:

BETA-0*

_T-600Panl

ORIENTATION: SUN

HEADER OPERATIONS DATA

BUILD St'RAFT

CALL FFDATA ( .00S, . 1,4HSHAD, 15., 1 .E-6, 3HYES, 3HTES, 2ENO, O, O}
L FFCAL

CALL GB_ATA (4HBOTH, 0 ° 0)
L

CALL RKDATA ( 0 . 3HY_ ° 0 . 0002 . 1 , 5HSPACE, HHHH, 0,0 . 1 , 0, 2HNO, 0 )
L RKCAL

CALL ORBITI (3HEARo -90., 0., 0. o 0,, 60|0. *E00. ° 0. o 0., 0., 0., 0, )
CALL ORIENT (3HSUN, 1, 2, 3,0, , 0 . , 0. )

CALL D I DT 1 (4HNOSH. 0 , 0 , 0 . , 0, 0. , 3HTZS , 0)

ORBGEN INERo 0., 360., 12, AQ, NO° 0.. 1

END OF DATA

VI

ORBIT DATA:

BETA-0*

ALT--$00nsti
ORIENTATION: SUN

HEADER OPERATIONS DATA

BUILD SCRAFT

CALL rFDATA(.00$, .1,4HSMAD, iS. ,I.E-6, 3MTES,3MYES, 2HgO, 0° 0)
L FFCAL

CALL Gm_ATA(4HEOTM° 0, 0)

L GSCAL

CALL RKDATA |0, 3MYES, 0. 0002, I, 5MSPACE °%HH9 °0.0, i. 0 °2HNO, 0)
L RBCAL

CALL ORBIT1 (3HF,.AR° -H0., 0., 0., 0., 6010. "800., 0., 0., 0., 0., 0. )
CALL OR I EWT ( 3 VJSUN , I , 2 , 3 , 0 . , O . , O . )

CALL DIDTI (4HNOSH, O, O,O., O, O.,3HYE3,0)

ORBGZN INER, 0., 360., 12, J_, NO, 0., 1
END OF DATA
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ORBIT DATA:
meTA-0*

ALT-5000r_±
O_.1 [J4TATI O_1 : SUN

HEADER OPEI_TZONS DATA

BUILD SCRNrT
CALL FIeDATA ( . 05. . 1, 4HNOSH, l $ . , 1 . E- 6, 3HYF,_ , 3HYZS, 2HNO, 0 , 0 )

I. FFCAL
CALL G&DATA44HBOTH, 0, 0)

L G_=AL
CALL P-RDAT A (0, 3HYZS, 0 . 0002, 1 , $ H.qP AIL"Z, 9999 o0,1 . 0 , 2 HNO, 0 )

L I_KCAL
CALL OI_ITI (3HF.AR, -90., 0., 0., 0., I;080. "5000., 0., 0., 0., 0., 0. )

CALL ORIENT (3HSUN, 1, 2, 3.0., 0., 0. )

CALL DIDT1 | 4HNO6H. 0, 0,0 . , 0.0. , 3HYF-.S, 0)

ORB_H INFJ., 0., 3&0. , 12, _, NO, 0. • 1

F,ND OF DATA

CAIE VZ Z l

OI_BI T DATA:

_TAo0 j

ALT-10000nmi

ORILqTATZON : SUN

H]LAD£R OPZRATION$ DATA

BUILD SCRAII'T
CA],], trTDATA ( . 05, . 1, 4HlqOSH , 1 S . , 1 . t_-6o ,1HYP,3,3HYZS, 2HNO. 0,0 )

L t'?'CAL
CALL GBOATA (4HBOTH , 0 , 0 |

], GBCAL
CALL IItJQ3ATA (0.3HyF,,S o0 . 0002,1 , SH.qPACZ, SSSS, 0,1 • 0,2HNOo 0)

L AXCAL
CALL ORBIT1 (3HEAR, -SO., 0., 0., 0., &0110. * 10000., 0.. 0., 0.. 0., 0. )

CALL ORIENT (3HSU_I, 1, 2, 3, 0.. 0 .. 0. )

CALL DIDT1 (4HNO6H, 0, 0,0 . , 0, 0. , 3HY[3,0 )

ORBG_N IMP-q, 0 . , 360. , 12. _, NO, 0.. 1

END OF DATA

CAirl_ IX

ORBIT DATA:

BETA'0"

ALT-17000_,

Oa ZF..NTATI 0_1 : SUN

HZADER OPZRATION$ DATA

BUILD SCRAFT

CALL FFDATAI.05,. 1° 4HMOSH, 15., I.F,-6.3HY_.3HYF,,S, 2HNOo 0,0)

L FFCAL
CALL GEOATA(4HBOTH,0, 0)

L G_.AL
CALL R3DATA (0, 3HYF,,S o0. 0002° 1, SHSPACE. SSSS, 0,1.0,2HNIO° 0)

L t_CAL
CALL ORBIT1 (3HZAR, -90., 0.. 0. o 0., 60110. * 1 ?000., 0.. 0., 0., 0.. 0. )

CALL ORIENT (3HSUN, 1, 2,3.0., 0., 0. )

CALL DIDTI (4ENO6H, 0, 0.0 . , 0.0. , 3HYF,_, 0)

ORB.GZN INF.R, 0. , 360. , 12, _kG, NO, 0. ° 1

OF DATA
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CABI X

ORBIT DATA:

I_*TA.O*

ALT-23000rlml

_I ENTATION : SUN

HEADER OPERATIONS DATA
BUILD $CRAFT

CALL FFDATA{ .05, .i, 4HMOSH, 15 ., I .E-6, 3HYES o3HYESo 2HNO, 0,0)
L FFCAL

CALL GBDATA(4HBOTH, 0, 0)
L GBCAL

CALL RKDATA l0, 3HTE,_, 0. 0002. I o5HSPACE, 9999,0, i .0.2HNOo 0 )
L RXCAL

CALL ORBIT1 (3HEAR, -90., 0., 0., 0., 6080. "23000., 0., 0.. 0., 0, ,0. )
CALL CRIENT (3MSUN, 1,2, 3, 0 ., 0 .,0. )

CALL DIDT1 {4HNOSH, 0, 0,0., 0, 0., 3HTES, 0 }

ORB_N INER, 0., 360. , 12o_,NO, 0., 1
END OF DATA

CA£3 XI

ORBIT DATA:

BETA15"

ALT-200nRi

_IENTATIOW : SUN

HEADER OPERATIONS DATA
BUILD SCRAFT

CALL FFDATA|. 005, .1,4HSHAD. IS.,I.Z-6.3HYES,3HTES, 2HNO, 0, 0)
L FFCAL

CALL GBDATA(4HBOTHo 0, O)
L GBCAL

CALL RKDATA (0 ,3HYES o0 .0002, I, 5H3PACE , %999, 0.0, I .0, 2HMO, 0 )

L ENCAL

CALL ORBIT1 (3MEAR, -90.. 0., 15., 0., 6000. "200., 0., 0., 0., 0., 0. )

CALL Ot_IZNT(3HSUN. 1,2.3,0..0.,0.)

CALL DIDTI (4HNOSH, 0, 0.0., 0, 0., 3HYES, 0)
ORBGEN INER, 0.. 360., 12, AQ, NO, 0.. 1

END OF DATA

CUE XXl

ORBIT DATA:

BETA-30 °

ALT-200rWLI

CRI ENTATION : SUN

HEADER OPERATIONS DATA

BUILD 5CRAFT

CALL FFDATA (.005 o .I, 4HSMAD, I 5. ,i .E-6, 3HYES ,3EYES, 2HNO, 0, 0 )
L _FCAL

CALL GBOATA (4HBOTH, 0,0)
L GBCAL

CALL RKDATA(0, 3HTES, 0.0002° I, SHSPACE, 9999,0.0, i .0, 2HNO° 0)
L RKCAL

CALL ORBITI (3HEAR, -90., 0. °30., 0., 60|0. *200., 0. o0., 0., 0. o 0.)
CALL ORIENT (3HSUN, 1, 2o 3, 0. o0., 0. }

CALL DXDT1 {4HNO6H, 0,0,0., 0, 0.. 3HTES, 0)

OI_GEN INER, 0., 3&0., 12, AQ, NO, 0., 1

END OF DATA
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CASE XZ'rI

OI_IT DATA :

SETA-4 S*

ALT-200_

ORIENTATIOId : SUN

HEADER OPERATIONS DATA

BUILD SCRAFT
CALL FFDATA(.005, .1,4HSHAD, 15.,1.E-6,3HYE.q,3HYES. 2HNO, 0,0)

L FFCAL

CALL GBOATA (4HBOTH, 0 ° 0 )

L
CALL R_DATA 10 , 3HY_S, 0 . 0002. 1 , 5 B3PACE ° 99_9.0 • 0 , i . 0 . 2HHO , 0 )

L RKCAL
CALL ORBIT1 (3HEAR,-90., 0., 45., 0., 6000.'200. • 0., 0.* 0. • 0.o 0.)

CALL ORIKk'T (HHSUH. 1, 2° 3, 0 . , 0., 0* )
CALL DIDTI(4HNOSH, 0, 0,0 . . 0, 0 . . HHTES. 0)

ORBGEN INER, 0 . , H60.. 12, AQ, NO, 0.. 1

END OF DATA

CA.1S | XIV

ORBIT DATA:
_TA'&0*

ALT.-200nmi

ORIENTATION: SUN

HEADER OPI_RATIONS DATA

BUZLD SCRAFT
CALL FFDATA ( . 005, . 1.4HSHAD, 15. , 1 .e-6° 3HYES, 3HTES, 2HNO. 0, 0)

L FFCAL

CALL GI_ATA(4HBOTH,0, 0)

L GaCAL
CALL R_DATA | 0 o 3HYES. 0. 0002, 1.5HSPACE, 9999,0.0, i. 0, 2HNO, 0)

L _CAL
CALL ORBIT1 (3HEAR,-90., 0., 60.. 0., 60|0 .'200., 0- • 0-. 0. • 0-, 0.)

CALL ORIENT(3HSUN° I. 2, 3.0. ,0., 0- )

CALL DIDTI (4HMO_SH° 0, 0,0., 0, 0.. 3HYES °0 }

ORBGEN INER, 0 . ,360. , 12°_, NO, 0, , 1

END OF DATA

CAarl XV

ORBIT DATA:

BETA-75"

ALT-200nml

O1_ IENTATION : SUN

HEADER C_ERATIONS DATA

BUILD SC_qAFT
CALL FFDATA ( . 005, . 1 , 4HSHAD, 1S. , 1 . E-&, 3HYES, 3HYES, 2HNO, 0, 0)

L FFCAL
CALL GBOATA(4HBOTH. 0.0)

L
CALL RI_)ATA {0, 3flYES, 0 .0002. I. SHSPACE. 9999.0 .0, I .0, 2HNO, 0 )

L RKCAL
CALL ORBITI (3HEAR, -90., 0., 75., 0., G0|0. "200.. 0.. 0., C.. 0., 0. )

CALL ORIENT (3HSUN, I. 2, 3, 0., 0., 0. )
CALL DIDT1 (4HNOSHo 0, 0.0 .,0.0 .,]HYES, O)

OP,BGEN INER. 0., 360., 12 °AQ. NO, 0. °1

END OF DATA
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CASE _*VI

ORBIT DATA:

BETA-90 °

ALT-200nmi

ORIENTATION: SUN

HEADER OPERATIONS DATA

BUILD SCRAFT

CALL FFDATA(.005,.I,4MSHAD, 15..I,K-6,3BYES.3HYES, ZHNO, 0,0)

L FFCAL

CALL CBDATAI4HBOTH,0,O]

L GBCAL

CALL RKDATA(0,3HYES,O,0002,1.LHSPACE, 9999.0.0,1.0.2HNC, 0]

L RKCAL

CALL ORBITl(3HEAA.-90.. O.. 90.,0..60e0.'200..0.. 0..0..0..C,_

CALL ORIENT(3HSUN, I,2,3,0..0.,0.)

CALL DIDTI(4HNOSH, 0.0,O..0,0.,LHYEL.01

ORBGEN INER,0.,360..12,AQ,NC,0.,1

END OF DATA

CASE XVII

ORBIT DATA:

BETA'0"

ALT-2OOnmi

ORIENTATION: EARTH

HEADER OPERATIONS DATA

BUILD SCRAFT

CALL FFDATA(,0S,.1,4HNOSH,IS.,1.E-6,3HYES.3HYES,2HNO. 0,0)

L FFCAL

CALL CBDATA(4HBCTH,0.O)

L GBCAL

CALL RKDATAI0,3HYES,0.0002,1,5HSPACE.9999.0,1.0,2HNO. 0)

L RKCAL

CALL ORBITI(3HEAR,-90.. 0.,0..0.. 6080.'200.,0.,0..0.,0., 0.)

CALL ORIENT(4HPLAN.1.2.3.0..0.,0.!

CALL DIDTI(4HNOSH. 0,0,0.,0. 0.,3HYES,0)

ORBGEN CIRP,0.,360.,12.AQ, ND,0.,I

END OF DATA

CASK XVIII

ORBIT DATA:

BETA-30*

ALT-200nml

ORIENTATION: EARTH

HEADER OPERATIONS DATA

BUID SCRAFT

CALL FFDATA(.OL..I.4HNOSH. 15.,I.E-6.3HYES,3HYES. 2HNO, 0.O)

L FFCAL

CALL CDDATA(4HBOTH.0,0}

L GBCAL

CALL RKDATA{0.3HYES,0.0002, I,LHSPACE, 9999,0,1,O,2HNO, 0)

L RKCAL

CALL ORBITI{3HEAR,-90.,30..0.,0.,6080.'200.,0.,0..0.,0.,0.)

CALL ORIENT(4HPLAN, I.2,3,0.,0.,0,)

CALL DIDTI(4HNOSH. 0.0,0..0.0.,3HYES,0)

ORBGEN CIRP.0..360.,12.AQ,NO, 0,._

END OF DATA
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CASE XIX

ORBIT DATA:

BETA-60 °

ALT-200nml

ORIENTATION: F,ARTM

HEADER OPERATIONS DATA

BUILD SCRAFT
CALL FFDATA(.0S,.I.4HNOSH, 15..I.E-6,3HYES,]HYES,ZHNO, 0.0)

L FFCAL
CALL GBDATA(4HBOTH, 0,0_

L GBCAL
C_L RKDATA_O,3HYES,O.OOO2,1,$HSPACE, 9999,0,1.O,2HNO, O_

L RKCAL

CALL ORBITII]MEPA.-90..60., 0.,0_.6050.°200",0''0''0''0''0"I
CALL ORIENT_4HPLJKN,I,2,3,0.,O.,O._

CALL DIDTI(4HNOSH, O.O,O.,O,0.,3HYES, O_

ORBGEN CIRP,0.,360.,12.AOoNO. 0..I

END OF DATA
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N-Dimensional

Introduction to Chanter 5

Branchin_ Networks. 1-Dimensional Fluid Flow

Because many engineering problems involve heat transfer, thermodynamics, and flow of
fluids, chapter five includes solution techniques for common fluid flow problems, using
one-dimensional (Bernouli) equations, in network analyses. Through the versatility of the
SINDA code, and through the use of analogies and linearization techniques, complex
branching networks representing physical systems can be analyzed with reasonable
accuracy. This chapter also includes examples related to transient concentrations of gas
mixtures, and simulation of two-phase flows. While these examples do not strictly fall into
the thermal analysis category, they are important illustrations of code versatility and
analytical technique.

Section one gives a detailed discussion of the formulation of fluid network problems, and
illustrates solution of steady state problems. Equations for simple flow of fluids are given
and methods of linearization are shown. Both incompressible and compressible flows are
considered. Analogies are developed so that these systems can be modeled in SINDA For
steady state solutions, a unique procedure is given which allows convergence of the set of
highly nonlinear flow equations. This technique is quite versatile, and allows quick
convergence for n-dimensional branching networks.

Section 2 is an extension of these techniques to simulate transient pressurization events in
compressible fluids. The formulation used requires use of the ideal gas law and assumes
isothermal conditions. For many engineering problems, a conjugate fluid/thermal analysis,
including heat wansfer and any appropriate thermodynamic realtionships, can be simulated
through these techniques.

Section 3 is included as a specific example of an engineering problem, related to the Shuttle
program, utilizing many of the techniques illustrated in the f'trst two sections. The analysis
involves a conjugate fluid/thermal analysis, and requires parallel networks in SINDA. This
is an important illustration of hydraulic system analysis (incompressible flow) for fluids
with highly nonlinear properties. Simulations of several operating conditions and

boundary conditions are shown, illustrating potential physical responses. This example
illustrates great analytical flexibility.

During the Shuttle program, detecting and understanding cryogenic leaks within critical
vehicle compartments, has been a major concern. Section four shows a simple closed form
solution for description of gas mixture concentrations. A numerical model is then shown,
which extends the analysis capability to predict concentrations during ascent, and can
simulate several leaks simultaneously. For single constituent constant leak rates, the closed
form and numerical solutions are in close agreement. The numerical analysis makes use of
the SINDA code as an analytical framework, providing structured data sets, automated
compile, link, and run features, and well defined transient analysis capability. Again, this
example illustrates the versatility of network analysis codes.
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Section five gives an example that relates thermodynamics and simple fluid flow, for
systems with saturated, two-phase fluids. This is an important example because it
illustrates the ability to compute "roug.h-order-of-magnitude" solutions for complex

phenomena. Two-phase fluid propcrues arc calculated via homogeneity, and standard pipe
flow (Darcy) equauons are solved for parallel flows with unequal heat distribution. A
pressure balancing technique is utilized. While this example is highly idealized, such
simulations arc quite useful in understanding system response trends, and can many times
become useful prediction tools if adequate data exists for model correlation.

Section six is included to illustrate several numerical techniques available to predict venting

of compartments. This is important for payloads in the shuttle payload bay. This example
shows a coupled solution by way of a code called FLAP, which solves the time dependent
mass and energy conservation equation. Also illustrated are simplifying assumptions
which can be used to quickly bound the couple solution. These include an isentropic and
an isothermal solution using the SINDA code. Comparisons arc given for the various

techniques.

Again, this chapter illustrates the versatility and power of the network analysis technique
and the SINDA code in t, articular. Also, the detailed development of analogies for physical

systems is believed to be an excellent teaching tool for beginning analysts. Finally, the
convergence techniques illustrated here have not been published elsewhere, and may prove
to be useful in future engineering design analyses, where n-dimensional fluid systems can
be described through use of characteristic dimensions and loss coefficients.
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CHAPTER 5: N-DIMENSIONAL FLUID NETWORKS

SECTION 1: 1-D Network, Incompressible and Compressible Flow

I. Identification of the Problem:

II.

A. Preface to the Problem:

This section is included to present a resistance-capacitance (R-C) network approach
for modeling simple fluid flow problems which can be coupled to thermal network
problems. The following is a suggested approach for modeling N-dimensional
branching fluid flow networks. The governing equations for pipe flow and flow
through orifices are developed for incompressible flow (both laminar and turbulent
regimes) and for compressible flow. Methods for linearizing the governing
equations and a suggested approach for obtaining converged solutions are given.
Specific examples are included for 1-D networks for both liquid and vapor.

The goals of this section are as follows:

(1) To understand the linearization methodology for the simple fluid system
equations

(2) To understand the three step approach for obtaining convergence of highly
non-linear network equations

(3) To understand the analogies for programming fluid network problems
within SINDA

(4) To run the given sample fluid network problems for the various boundary
conditions to learn the capabilities and limitations of the SINDA code

General Formulation of N-Dimensional Network Problems:

A. Mathematical Model:

Incompressible Fluid Flow in a Pipe

Flow in a pipe is always accompanied by friction between fluid particles rubbing
against one another, and consequently, by a loss of energy available for doing

work; there must be a pressure drop in the direction of flow. The general equation
for the pressure drop in a pipe, known as Darcy's formula, is

AP = pfLV2

144D2g

where AP is the pressure difference, p is the density of the fluid, f is the friction

factor, L is the length of pipe, V is the average fluid velocity, D is the diameter of

the circular pipe (or hydraulic diameter for non-circular cross-sections) and g is the
conversion constant.
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The Darcy formula is valid for laminar or turbulent flow of any liquid in a pipe.
With suitable restrictions, the Darcy formula may be used when gases and vapors

(compressible fluids) are involved.

The Darcy formula can be rationally derived by dimensional analysis, with the
exception of the friction factor, f, which must be determined experimentally. The
friction factor for laminar flow conditions (R < 2000 or 2300 for circular pipe) is a

function of Reynolds number only, whereas, for fully turbulent flow (R > 4000), it
is also a function of the character of the pipe wall.

For incompressible laminar flow, the friction factor is given by

f ,,,64= 64p.

R DpV

where I.t is the absolute viscosity and R is the Reynolds number, based upon

diameter or hydraulic diameter.

With the substitution of the friction factor, f, into the Darcy formula, this equation

may be used for the solution of laminar flow problems in pipes. It applies to all
pipe roughness factors, as the pressure difference in laminar flow is independent of
wall roughness. The critical Reynolds number is about 2000 or 2300 for circular
pipe, and the transition region is characterized by Reynolds numbers of 2000 to
4000.

In place of the Moody diagram, the following explicit formula for the friction
factor, f, may be utilized with the given restrictions

f
1 ,_25

Ini---L÷S74/113.7D ROgtJ

10 .6 _<_6_< 10 .2
D

5000 < R < 108

where e is the roughness height and _ is the relative roughness.

Substituting the appropriate friction factor equation into the Darcy formula for

incompressible laminar flow gives

AP=
144D2g
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144D2g

z_P = 64_LV

144D22g

The mean velocity at a given cross-section is given by

pA

where rh is the mass flowrate and A is the cross-sectional area, as determined by
the continuity equation for steady flow.

Substituting the equation for the mean velocity into the Darcy formula gives

144D22g

_p = (4XS4).Lm

144D42gTtp

Solving for rn gives

m = _ = 144D42gp = (P1 - P2)
d t 256_L

Where Pi is deemed as the upstream pressure and P2 is defined as the downstream
pressure.

Let the laminar "calculated conductor", GL, be given by

GL _

144D42gp_

256_L

such that the equation for the mass fiowrate, for incompressible laminar flow,becomes

dl = O_[E = GL {PI - P2)
dt
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The mass flowrate equation for incompressible laminar flow is linear with respect to
P and the "calculated conductor" is not a function of the dependent variable
(pressure).

For incompressible turbulent flow, AP is given by

144D2g

AP = pf L(rfi F

144D2gp2A 2

fL(mF

,4D oo(%)
or, finally,

AP = 8fLrfi 2

144n2DSpg.

Solving for rh gives

rfl 2 = 144gp n2DSAP

8fL

or

rfl = _ 144gprt2DSAp
8fL

Let the turbulent "calculated conductor", GT, be given by

2D 5GT-

such that the equation for the mass flowrate, .for incompressible turbulent flow,
becomes

1

= drn = GT(P1 - P2)
dt
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Themassflowrateequationfor incompressibleturbulentflow is non-linearwith
respecttoP, thedependentvariable(pressure).

Linearizingtheequationgives

rn -- dm __ GT (P1 - P2}

dt (91 - 92)_-

Incomt_ressible Flow through Nozzles. Orifices and Restricfiorl_

The mass flowrate for incompressible flow through nozzles, orifices and
restrictions is given by

rfi -- CdA#2g(144)APp

where A denotes the cross-sectional discharge area and Cd is the characteristic
discharge coefficient.

Let the restrictions "calculated conductor", GR, be given by

C-,-_= CdA _/2g (1 44)p

such that the equation for the mass flowrate, for incompressible flow through
restrictions, becomes

rn = dm --GR(P 1 - P2)_
dt

The mass flowrate equation for flow through nozzles, orifices and restrictions is

non-linear with respect to P, the dependent variable (pressure).

Linearizing the equation gives

m = dm __ GR (P1 - P2)

dt (P1 - P2)_

Compressible Fluid Flow in Pipes

An accurate determination of the pressure drop for a compressible fluid flow
through a pipe requires knowledge of the relationship between pressure and specific
volume; this relationship is not easily determined for each particular problem. The
usual extremes considered include adiabatic and isothermal flows. Adiabatic flow

is usually assumed in short, "perfectly insulated" pipe. Such is consistent with the
adiabatic flow assumption since no heat is transferred to or from the pipe, excepting
the minute amount of heat generated by friction, which is added to the flow.

Isothermal flow, or flow at constant temperature, is often assumed, partly for
convenience. More often isothermal flow is assumed because it is closer to fact in

piping practice. The complete isothermal formulation is given by
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m2.I l(p,2-P22)
P'

m
1.pgA21_ '-

(p,2.p22)2p,
or

m [ :4_0A_1_[(P,+P2)(P,-P2)t__+ 2,n/_tL P'
D [P21.J

Let the "calculated conductor", Go for compressible isothermal flow in a pipe be

given by

LfL + 214Pll}

such that the equation for the mass flowrate for compressible isothermal flow

through pipes becomes

m -_.dm = Go (P,+ P2 }_ (P, - P:z) _-
dt P1

The mass flowrate equation for compressible isothermal flow in a pipe is non-linear
with respect to P, and the "calculated conductor" is a function of the dependent

variable (pressure).

Linearizing the equation gives

ql_.

,-, [ (P, + P2) 12 P2)
m "_L_-=_cLPTF;;-dt P'2iJ (P]"

The mass flow equation for compressible isothermal pipe flow is developed on the
basis of these assumptions:

(1)
(2)
(3)

Isothermal flow
No mechanical work is done on or by the system

Steady flow
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(4) Thegasbehavesasanidealgas
(5) Thevelocitymayberepresentedbytheaveragevelocityat acrosssection
(6) Thefrictionfactorisconstantalongthepipe
(7) Thepipeline isstraightandhorizontalbetweenendpoints

Comoressible Flow through Nozzles. Orifices and Restrictiorl,s

The semi-empirical isentropic equation for compressible flow through nozzles,
orifices, and restrictions is given by

ril = CdYA_2g 144p(P1 - P2)

where the expansion factor Y, for orifices, is given by

Ainlet ] J kP1

where A_oat is the area of the orifice or nozzle throat, and A_et is the.area of
approach, and k is the ratio of specific heats.

If the diameter ratio 13is given by

= _ Athtoat
Ain]et

then the expansion factor Y can be rewritten as

kP] !

Substituting the expansion factor Y into the mass flowrate equation gives

rn--CdA(2g144p)_(P,- P2)_[1 -(0.41 + 0.35134)[ P1 -P2}]
kP1 /J

Let the restrictions "calculated conductor" be given by

GcD=Cd/_2g144p)_'[1-(0.41 + 0.35134){P 1"P2_; )]

The mass flowrate equation for compressible flow through an orifice then becomes

m = GcD(P1 - P2)_

The mass flowrate equation for compressible flow through nozzles, orifices and
restrictions is non-linear with respect to P and the "calculated conductor" is a
function of the dependent variable (pressure).

Linearizing the equation gives
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rn - Gco (Pa- P2)

- P2)

Choked Flow Conditions

The maximum velocity of a compressible fluid in a pipe is limited by the velocity at

which a pressure wave may be propagated through the fluid medium. This velocity
is the speed of sound in the fluid. Since recognizing that the mass flowrate of fluid
through a pipe is given by the product of fluid density, mean velocity, and cross-
sectional flow area; continuity requires that a decrease in fluid density be
accompanied by an increase in mean flow velocity. This statement is made under
the assumption that the cross-sectional area of the pipe is constant. Generally,
because pressure decreases in the direction of flow through the pipe, the maximum
velocity is expected at the downstream end of the pipe. If the pressure drop is
sufficiently high, the exit velocity will reach the velocity of sound. Further
decrease in the outlet pressure will not be felt upstream because the pr_sure wave
can only travel at sonic velocity, and the "signal" will never translate upstream. The

added pressure drop, obtained by lowering the outlet pressure after the maximum
discharge has already been reached takes place beyond the end of the pipe.

The maximum possible velocity in the pipe is sonic velocity, which is given by

Vmax = "v/-_ RT = ,_/kgP1144
P

and the maximum mass flowrate is given by

pA_/kgP1144 =A_kgpP.i144mr.ax
V P

where k is the ratio of the constant pressure to constant volume specific heat, R is

the individual gas constant and T is the absolute temperature. The critical pressure
for which choked flow conditions will exist is defined as follows

 or,= so,ro 
Any reduction in downstream pressure below Perit will not result in an increase in
flow rate. The critical pressure ratio is defined as follows

Pcritr =
Psource

Choked flow equations must be formulated from the maximum velocity and mass
flow relations. For a network analysis, however, we would like to have

rhchok_ as a function of downstream pressure. We may write

mchok_ = Gchok_ (P1 - P2)
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whereGchoked is a choked flow conductor which may be defined as follows. The
semi-empirical isentropic equation developed above for nozzles and orifices may be
used with the following restrictions.

o

2.
3.

Y, expansion factor defined with P2 = Petit
GCD, calculated with P2 = Pcrit

Flow equation normalized based on actual downstream pressure P2

kP1 /

Substituting the expansion factor Y for choked flow

GCD = Cd,N2g 144p)_ (P1 - Petit) _"[1

Normalizing the equation with respect to the actual downstream pressure gives

rhchoked = GC_,O (P ] - P2)
(P: - P2)

therefore

Gchoked= (p : . P2)

g •

The above formulation will satisfy continuity and limit the mass flowrate, below the
critical pressure ratio.

Linearization Methodology for Non-Linear Equations

The following non-linear algebraic equation is used to illustrate a linearization and
under-relaxation scheme.

Let

x 2 = 16

where X = X'.

The hnearized equation is given by

xx'= 16

The variable x" can be a funcuon of the variable x. Suppose we now make an

initial guess at x' and solve for x.
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IfXold = I then

x = !_6-
I

Since x * = x, then Xnew = 16 and the next calculation of X_ew will lead to

X_ew = 1. No progress toward a solution is possible. An under-relaxation
scheme is then used to converge to a solution.

Suppose now that

x = (1 - o_)X*..id,.,+ C_Xnew

C •

where a = 0.50 is the under-relaxation factor.

Four iterations are required to converge to the correct solution, x = 4.0.

Solution Procedure for N-Dimensional Fluid Networks

To solve a set of linearized equations requires some knowledge of the solution for

convergence because the linearized conductors include dependent variables. The
following three steps outline the procedure for solving a multi-dimensional fluid
network, involving turbulent pipe and orifice flows.

(1) To start the solution, solve a set of linear incompressible, but physically

unrealistic network equations.

(2) Use this solution as a starting point for the linearized incompressible flow

equations.

(3) If the problem is compressible, then follow with a solution of linearized
compressible flow equations.

To illustrate the procedure, the following linear incompressible equations for
turbulent pipe and orifice flows are solved

m =dm = GT(P1 " P2)
dt

where

and

GT = "_//144gp=2DS8fL

rh = _ = GR(Pa " P2)
dt
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where C-,-_= CdA_/2g(144)p

The mass flowrates will be in error by a significant amount, but the pressures will
be reasonable. The problem is now solved using the linearized incompressible flow
equations and the previous solution as the initial condition.

= dm = C-r (PI - P2)
dt (PI-P2)_

rn = dm = GR (P1 - P2)
dt (P_- P2)

After solving these equations the mass flowrates and pressures will then be
reasonable. For compressible flow problems, the following linearized equations
are used and the linearized conductors are updated for each iteration.

m =din=_-F (PI+ P2)l_ P2)"CLP, ;-F iJtP,-
where

and

where

rn -- clm= Gob (P1 " P2)

dt (P,- P2)_

GCD = CdA(2gl 44p)_[1 - (0.41
1

The critical pressure ratio is used to check for choked conditions. For each
compressible flow problem with choked flow conditions, the mass flowrate is
given by

rhCh°k"_= C'_A(2g144p)_(P1" P"i') } [ ((-P_-P2) 1 -(0.41 + 0.35134)P'" P°'"I](P,kP1 /J
-P2)

Transient (Isothermal) Pressurization
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D .

If transient pressurization is of interest, the compressible flow equations can be
extended with the ideal gas law.

The ideal gas law is given by

m- PV
RT

differentiating

rfi=dm = V_V__dP . VP dT
dt RT dt RT 2 dt

For cases where the change in temperature with time is slow, or for systems where

the change in temperature is insignificant (isothermal), dT/dt can be assumed to be

zero, giving

m=dm = V__dP
dt RT dt

Combining with any of the resistance equations gives

MY_.dP = Glinearized AP
RT dt

Thus a fluid capacitance for a transient analysis can be defined in the form

resulting in

C de = Glinearized (P1 - P2)
dT

where it may be noted that small time steps will generally be required.

This formulation assumes that the temperature is constant. For problems where

temperature changes are involved, due either to heat transfer or thermodynamics,
then coupled analyses are required. Coupled networks can be incorporated in
SINDA for incompressible flow, and for isothermal compressible flow. An

example of coupled networks is given in Chapter 5, Section 3 (for incompressible
flow). Also, Chapter 5, Section 6 illustrates the effects of various assumptions
(including isentropic, isothermal, and solutions with heat transfer) for venting
analyses. Fully coupled solutions for mass and energy conservation are given.

N-Dimensional Fluid Network Solution with SINDA

The above mentioned networks can be defined and solved in SINDA with the

following analogies:
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III. Flow

A.

B •

(1) Temperature translates into Pressure

(2) Heat Rate translates into Mass Flowrate

(3)

(4)

kA, hA, ce.FA translates into Linearized Flow Conductors
Ax

Capacitance translates into _ (gas storage, isothermal)

The solutions can be linked to transient heat transfer problems, yielding coupled
conjugate solutions. Three example problems illustrate the solution techniques
discussed. These example problems include:

(1) 1-D Fluid Network, Incompressible Flow

(2) 1-D Fluid Network, Compressible Flow

(3) 1-D Fluid Network, Compressible Flow with Choked Flow Conditions

The programming is not optimized, but intended to be explicit so that beginning
code users can easily follow the logic. All solutions were generated on a PC, using
single precision. Greater accuracy can be obtained with a 64-bit machine. This is
important for networks with low resistance (high stiffness).

Analysis for a I-D Fluid Network, Incompressible Flow

Statement of the Problem:

Consider the 1-D fluid network shown in Figure 1. The pipe is 6 in long. The
diameters of the pipe and orifices are 0.50 in. Fluid (water) flows from the high
pressure side, at 200 psia, to the low pressure side, at 14.7 psia. Determine the
steady state pressure and mass flowrate distributions through the fluid network.

Schematic of I-D Fluid Network, Incompressible Flow

__ 6.0 in.
0.5 in. dia.

200 psia 14.7 psia

0.5 in. dia. 0.5 in. dia.

Figure 1. Schematic of 1-D Fluid Network
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Pipe Flow

301 302 303 304 305 306

• Arithmetic Nodes _ 106

I01 _ Boundary Nodes
P = 200 psia P = 14.7 psia

Figure 2. Schematic of 1-D Fluid Resistance Network

IV_

C . Given:

(1)
(2)
(3)
(4)
(5)

Hydraulic diameter of pipe is 0.5 in
Hydraulic diameter of orifices are 0.5 in
Pipe length is 6 in
High pressure side is 200 psia
Low pressure side is 14.7 psia

D • Find:

Steady state pressure and mass flowrate distribution through the 1-D fluid network

Analysis:

A • Discretization:

The analysis is performed assuming steady state fluid flow. The fluid network is
modeled using two boundary nodes and eight arithmetic nodes, as shown in

Figure 2.

Negative capacitances designate arithmetic nodes while negative node numbers
designate boundary nodes. For a steady state analysis, it should be noted that
capacitance is of no importance and has arbitrarily been assigned a value of one.
The total number of nodes used to model the problem is ten and the nodes are

labeled as shown in Figure 2.
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B. The Input Deck:

This section is included to explain how information in the statement of the problem
is conveyed to SINDA and to present an accompanying flowchart (see Figure 3)
and a corresponding input deck. The input deck, provided on the following pages,
is a "Gaski" SINDA deck.

The input deck comprises of nine major "blocks"; these include the TITLE block,
the NODE DATA block, the CONDUCTOR DATA block, the CONSTANTS
DATA block, the ARRAY DATA block, the EXECUTION block, the
VARIABLES 1 block, the VARIABLES 2 block, and the OUTPUT block.

For this problem, two boundary nodes and eight arithmetic nodes have been used to
define the 1-D fluid resistance network. Also, seventeen (dummy) boundary nodes
have been defined as storage locations for the total mass and mass flowrates data.

Nine conductor sets have been defined as well as nine (dummy) conductor sets for
mass flowrate information purposes.

Thirteen control constants have been identified including DTIMEI, DTIMEH,
NLOOP, TIMEND, OUTPUT, ARLXCA, DRLXA, BALENG, TIMEO,
DAMPA, DAMPD, NDIM, and ITEST. The reader is directed to the Gaski SINDA

users manual for further information regarding these and other control constants
used by SINDA.

Two array data sets have been defined. These array data sets define the pressure vs
density and viscosity vs temperature relationships for water.

The EXECUTION block contains information that directly controls program
execution. The solution scheme is identified in this block. The SNHOSD selection

which corresponds to a steady state analysis (Explicit Taylor Series Double
Precision) is used for this problem.

The VARIABLES 1 block includes various user supplied subroutines to calculate
the conductor values for orifice and pipe flows (incompressible and compressible
flow) as well as the mass flowrates. The subroutines utilize the equations derived
in Mathematical Model (Section 17, part A) for calculating these conductor and mass
flowrate values.

The OUTPUT CALLS block determines what parameters are to be printed. Only
the steady state nodal pressures and mass flowrates are of interest in the present
analysis. User defined subroutines which convert pressure and mass flowrate data
into the 'T-type" format are included to print the desired data.
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EXECUTION DATA BLOCK [

INITIALIZE FLOW CONDUCTORS I
I

I ITEST=0
I

SUBROUTINE SNHOSD
CALCULATE STEADY STATE SOLUTION
UTILIZE VARIABLES ONE BLOCK - SEE A

I
ITEST=I I

I

SUBROUTINE SNHOSD
CALCULATE STEADY STATE SOLUTION
UTILIZE VARIABLES ONE BLOCK - SEE A

YES

CALCULATE ORIFICE AND I

PIPE FLOW CONDUCTORS
UTILIZING SUBROUTINES |

ORIFIC AND GPIPE /

I _'_lRETURN
[ OUTPUTCALLSI

Figure 3. SINDA Solution Procedure, Controlled in the Execution Block
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SINDA INPUT LISTING

BCD 3THERMAL LPCS

BCD 9INCOMPRESSIBLE FLOW, ID NETWORK

END

BCD 3NODE DATA

I, 0.0, 1.0

2, 0.0, 1.0

-3, 0.0, !.0

-101,200.0,1.0 $ PRES BOUNDARY

-106,14.7,1.0 $ PRES BOUNDARY

201, 200.0, -i.0 $ PRES AT FIRST CAVITY

206, 200.0, -i.0 $ PRES AT FIRST CAVITY
C

301, 200.0, -I.0 $ PRES AT SECOND CAVITY

302, 200.0, -I.0 $ PRES AT SECOND CAVITY

303, 200.0, -I.0 $ PRES AT SECOND CAVITY

304, 200.0, -I.0 $ PRES AT SECOND CAVITY

305, 200.0, -!.0 $ PRES AT SECOND CAVITY

306, 200.0, -I.0 $ PRES AT SECOND CAVITY
C

C FLOW RATE STORAGE LOCATION

-i001, 0.0, 1.0

-1006, 0.0, 1.0

-2001, 0.0, 1.0

-2006, 0.0, 1.0

-4001, 0.0, 1.0

-4002, 0.0, 1.0

-4003, 0.0, 1.0

-4004, 0.0, 1.0

-4005, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

i, I, 2, 1.0

2, 2, 3, 1.0

101 i01, 201, 0.0

106, i06, 206, 0.0

201, 201, 301, 0.0

206, 206, 306, 0.0

401, 301, 302, 0.0

4C2, 302, 303, 0.0

403, 303, 304, 0.0

404, 304, 305, 0.0

405, 305, 306, 0.0

END

BCD 3CONSTANTS DATA
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DTIMEI,0.1

DTIMEH,0.1

NLOOP,5000

TIMEND,0.0

OUTPUT, 0.2

ARLXCA,.01

DRLXCA,.OI

BALENG,.OI

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

NDIM, 1000

ITEST,0

301,0.

302,0.

303,0.

304,0.

305,0.

306,0.

1301,0.

1302,0.

1303,0.

1304,0.

1305,0.

1306,0.

END

BCD 3ARRAY DATA

I $ PRES VS RHO

14.7, 62.4

600.0, 62.4

END

(H20) AT 2460 DEG R

END

2 S VISCOSITY H20 VS TEMP

32.0, 1.2E-3

i00.0, 0.458E-3

600.0, 0.058E-3

END

BCD 3EXECUTION

C

C INITIALIZE FLOW CONDUCTORS

C

M

M

M

M

M

M

M

M

M

M

M

C

M

M

PAVG=AMAXI(TI01,T201)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=80.

AREA-(3.14159*(0.5/12.)''2)/4-0

GK=1.329

GI01=0.6"AREA'SQRT(2.'32.2"I44. "RHO)

PAVG=AMAXI(T106,T206)

CALL DIDEGI(PAVG, AI,RHO)

RGAS=I545./18.

TEMP=80.

AREA=(3.14159"(0.5/12.)''21 /4. C

GIO6=0.6"AREA'SQRT(2.'32.2"I44.'RHO}

PAVG-AMAXI(T201,T301)

CALL DIDEGI(PAVG,AI,RHO)
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5_

M

M

C

M

M

M

M

M

M

C

C

C

C

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

.v,

M

M

CALC

RGAS=I545./!8.

TEMP=SC.

AREA=(3.14i59"(0.5/12.)''2)/4.0

G20I=O.6"AREA'SQRT(2.'32.2"I44.'RHO)

PAVG=AMAXI(T206, T306)

CALL DIDEGI(PAVG, AI,RHO)

RGAS=I545./18.

TEMP'80.

AREA-(3.14159"(0.5/12.)**2)/4.0

G206=0.6"AREAfSQRT(2.'32.2"I44.'RHO)

PIPE FLOW CONDUCTORS

TEMP=80.

DIA=0.5/12.

AREA=(3.14159"DIA''2)/4.

PAVG=AMAXI(T301,T302)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=!.0/12.0

FFACT-O.05

G40I=SQRT[RHO_3.14159"*2"DIA'*5_I44.'32.2/(8.'FFACT*XL))

TEMP=80.

DIA=C.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG=AMAXI(T302,T303)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

FFACT-O.05

G402=SQRT(RHO'3.14159''2*DIA''5"I44.'32.2/(8.'FFACT'XL))

TEMP=80.

DIA=0.50/12.

AREA=(3.14159"DIA''2}/4.

PAVG=AMAXI(T303,T304)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

FFACT-0.05

G403=SQRT(RHO'3.i4159''2"DIA''5"I44.'32.2/(8.*FFACT'XL))

TEMP=80.

DIA-0.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG=AMAXI(T304,T305)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/12.0

FFACT=0.05

G404-SQRT(RHO'3.14159"'2"DIA''5"I44.'32.2/(8.'FFACTtXL))

TEMP'80.

DIA=0.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG-AMAXI(T305,T306)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.C/12.0

FFACT=0.05

G405=SQRT(RHO'3.14159''2"DIA''5"I44._32.2/(8.'FFACT'XL))
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c

c

c CALC

C

F

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

C CALC

C

C

M

M

M

M

M

M

M

M

M

M

FIRST SOLUTION USES LINEAR (UNREALISTIC) FLOW CONDUCTORS

ITEST=0

NLOOP=2000

CALL SNHOSD

SECOND SOLUTION USES FIRST SOLUTION AS A STARTINg POINT, AND

LINEARIZES FLOW CONDUCTORS IN VARIABLES i, TO GET PROPER SOLUTION

ITEST=I

NLOOP=2000

CALL SNHOSD

END

BCD 3VARIABLES i

ORIFICE FLOW CONDUCTORS

IF(ITEST.EQ.0)GO TO 40

PAVGIAMAXI(TI01,T201)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=80.

AREA=(3.!4159"(0.5/12.)''2) /4.0

GK=!.329

CALL ORIFIC(RHO,AREA, RGAS,TEMP,T!01,T2Oi,GK, TIO01,GI0!)

PAVG-AMAXI(TIO6, T206)

CALL DIDEGI(PAVG, AI,RHO)

RGAS-1545./18.

TEMP=80.

AREA=(3.14159"(0.5/12.)''2)/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,TI06, T206, GK, TI006,GI06)

PAVG=AMAXI(T201,T301)

CALL DIDEGI(PAVG,Ai,RHO)

RGAS=I545./18.

TEMP=80.

AREA=(3.14159"(0.5/12.)''2}/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,T201,T301,GK, T2001,G201)

PAVG-AMAXI(T206,T306)

CALL DIDEGI(PAVG, AI,RHO)

RGAS=I545./18.

TEMP=80o

AREA=(3.14159"(0.5/12.)''2)/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,T206,T306,GK, T2006, G206)

PIPE FLOW CONDUCTORS

TEMP-80.

DIA-0.50/12.

AREA=(3.14!59"DIA''2)/4.

PAVG=AMAXI(T301,T302)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.O/12'.0

REY=T4001"DIA/(AREA_XMU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT=64./REY
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M

M

M

M

M

H

t

M

M

H

M

Y.

M

M

H

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

C

C

C

C

M

M

C

M

M

C

IF(REY.GT.2000.)FFACTz0.032

CALL GPIPE(RHO,AREA,XL, DIA, FFACT,T3CI,T3S2,T4001,G401)

TEMP=80.

DIA'0.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG=AMAXI(T302,T303)

CALL DIDEGI (PAVG,AI,RHO)

CALL DIDEGI (TEMP,A2,XMU)

XL'I.O/12.0

REY-T4002_DIA/(AREA*XMU)

IF(REY.EQ.O.O)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF{REY.GT.2000.)FFACT=0.032

CALL GPIPE(RHO,AREA,XL, DIA, FFACT, T302,T303,T4002,G402)

TEMP'80.

DIA=0.50/12.

AREA=(3.14159"DIA''2) /4.

PAVGzAMAXI (T302, T304)

CALL DIDEGI (PAVG, AI,RHCI

CALL DIDEGI(TEMP,A2,XMUI

XL=I.0/!2.0

REY-T4003"DIA/(AREA'XMU)

IF[REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL GP!PE(RHO, AREA,×L, DIA, FFACT,T303,T304,T4003,G403)

TEMP=80.

DIA=0.50/12.

AREA-(3.14159*DIA''2)/4.

PAVG-AMAXI(T304,T305)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY=T4004"DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL GPIPE(RHO,AREA, XL, DIA, FFACF,_2t4,T305,T4004,G404}

TEMP=80.

DIA-0.50/12.

AREA'(3.14159*DIA''2)/4.

PAVG=AMAXI(T305,T306)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY=T4OO5"DIA/(AREA'XMU}

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT-O.032

CALL GPIPE(RHO, AREA, XL, DIA,FFACT,T305,T306, T4005,G405)

CALC MDOTS

40 CALL XMDOT(TI01,T201,GI0i,TI00I)

CALL XMDOT(TI06,T206,GI06,TI006)

CALL XMDOT(T2OI,T3OI,G2Oi,T200!}

CALL XMDOT(T206,T306, G206,T2006)
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F i00

C

C

F

F

C

F

C

F

F

F

C

F

C

F

F

F

F 2

F

F

C

F

C

F

F

F

F

F 2

C

C

C

C

C

c

F

C

C CALC

C

M

M

C

M

M

C

M

M

M

M

M

C

C

C

CALL XMDOT(T3OI,T302,G401,T40¢I)

CALL XMDOT(T302,T303,G402,T40$2)

CALL XMDOT(T303,T304,G453,T4003)

CALL XMDOT(T304,T305, G404,T4004)

CALL XMDOT(T305,T306,G405,T4005)

CONTINUE

RETURN

END

SUBROUTINE XMDOT(PUP,PDN,GCOND,XM)

XM-GCOND'ABS(PUP-PDN)

RETURN

END

SUBROUTINE ORIFIC(RHO,AREA, RGAS,TEMP,PUP,PDN,GK, XM,GCOND)

IF(PUP.EQ.PDN)GO TO 2

GCOND=O.6.AREA,SQRT(2.'32.2"!44.*RHO)/SQRT(ABS(PUP-PDN))

RETURN

GCOND'0.0

RETURN

END

SUBROUTINE GPIPE(RHO, AREA, XL, DIA,FFACT,PUP,PDN,XM, GCOND)

IF(PUP.EQ.PDN)GO TO 2

GCOND.SQRT(RHO'3.14159''2"DIA''5"i44.'32.2/18.'FFACT'XL))

GCOND-GCOND/SQRT(ABS(PUP-PDN} J

RETURN

GCOND-0.O

RETURN

END

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

MDOTS

CALL XMDOT(TI01,T201,GI01,Ti001_

CALL XMDOT{TI06,T206,GI06,TI006)

CALL XMDOT(T201,T301,G201,T2001)

CALL XMDOT(T206, T306, G206,T2006)

CALL XMDOT(T301,T302,G401,T4001)

CALL XMDOT(T302,T303,G402,T4002}

CALL XMDOT(T303,T304,G403,T4003)

CALL XMDOT(T304,T305,G404,T4004)

CALL XMDOT(T305,T306,G405,T40O51
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THREE COLUMN OUTPUT ROUTINE, STNDRD

J=LNODE÷NCSGMN

II_NX(J)

IF(J.LE.LNODE)II=O

J=LNODE+NDTMPC

I2=NX(J)

IF(J.LE.LNODE)I2=0

J'LNODE+NARLXC

I3-NX(J)

IF(J.LE.LNODE)I3-0

WRITE(6,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC, I3,ARLXCC, ITEST

FORMAT(/,ilH "'_'''''_'/6H _• IME=F_2.5, SX, SH DTIMEU=IPEI2.5,

8H CSGMIN(16,2H)=IPEI2.5,/,18X, SH TEMPCC(16,2H)=IPEI2.5,

8H RELXCC(16,2H)=IPEI2.5,/,

IBX, BH ITEST =I6)

F

F 9

F

F

F

C

C THREE COLUMN OUTPUT ROUTINE, TPRNTX
C

F WRITE _6, i00)

10C FORMAT (IH )

F J=l

F L=3

F 5 IF(L.LT.NNT)GO TO I0

F L=NNT

F 10 WRITE(6,101) (HT, NX(I*LNODE),T(1),I = J,L;

F 1Ol FORMAT (3 (IX, AI, I6, IH=, FI2.5, IX) )

F IF(L.EQ.NNT)GO TO 15

F J=L-I

F L=L+3

F GO TO 5

FI5 CONTINUE

CF END

C

C RETURN

END

BCD 3END OF DATA

V. Presentation and Discussion of Results:

A. Presentation of Results:

Results obtained from SINDA are given on the following pages. Nodal pressures
and mass flowrates are printed in psia and Ib/sec, respectively. Some items to note
in the SINDA output are (1) SINDA iteratively solves for the pressure distributions,
(2) the mass flowrates are saved in temperature locations of the (dummy) nodes
1001-4005 and (3) there are at least two sets of output for each solution, the initial

condition and solution results. Figure 4 shows the steady state nodal pressures and
the mass flowrates through the 1-D fluid resistance network using linearized
incompressible flow equations.
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109.7 108.7 107.6 106.6 105.6 104.5

_! 1.54.9 59.6

200 psia 14.7 psia

Figure 4. Steady State Nodal Pressures and Mass Flowrates for 1-D Resistance
Fluid Network Using Linearized Incompressible Flow Equations

V I. Closing Comments:

While this example illustrates a simple one dimensional problem for incompressible flow,
the techniques can be easily extended to branching networks, with many parallel flow

passages. These branching networks would be difficult to evaluate through hand
calculations. Also, through the use of analogies, these networks can be coupled to thermal
networks in SINDA. Chapter 5, Section 3 shows a coupled hydraulic/thermal network.

SINDA OUTPUT LISTING

(C) COPYRIGHT 1982,1983,1984,1985,1986,198_ J.D.GASKI SINDA/1987/ANSI 1.31 NETWORK

ANALYSIS ASSOCIATES, INC. - PAGE 1

COPMRESSIBLE FLOW, ID NETWORK

"'" NOTE "'" SNHOSD REQUIRES 20 DYNAMIC STORAGE LOCATIONS OUT OF 951 AVAILABLE "'"

TIME = .00000 DTIMEU = 0.00000E-Of CSGMIN( 0)= 0.00000E-01

TEMPCC( 0)= 0.00000E-01 RELXCC( 0)= 0 O0000E-01

ITEST _ 0

T I=

I 206 =

T 303 =

T 306-

T 106 s

T 2001"

T 4002-

T 4005"

.00000

200 00000

200 00000

200 00000

14 70001

00000

00000

00000

T 2 = .00000 T 201 = 200.00000

T 301= 200.00000 T 302" 200.00000

T 304" 200.00000 T 305= 200.00000

T 3 = .00000 T I01 = 200.00000

T i001 = .00000 T !006 = 115.32150

T 2006 = .00000 T 4001 = .00000

T 4003 = .00000 T 4004 = .00000

SNHOSD RUN, ARLXCA=0.10000E -01,

NLOOP" 2000

DRLXCA=O.10000E-01, BALENG=0.!000OE-01, BENODE-O.50000E-02,

"'" NOTE "'" RELAXATION CRITERIA HAS BEEN MET WITH LOOPCT = 69

ENGBAL = -.101192 AT LOOPCT = 69
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-ZME= .00000

TEMPCC(

ITEST =

DTIMEU= 0.00000E-SI CSSMIN{

0)= 0.00000g-01 RELXCC(

0

0)= O.O0000E-01

302)=-8.85010E-03

T i= .00000 T 2=

T 206= 52.21863 T 301 =

T 303- 111.05822 T 304=

T 306- 89.73370 T 3 =

T 106- 14.70001 T 1001-

T 2001= 23.25331 T 2006=

T 4002 = 23.36692 T 4003=

T 4005= 23.34750

.00000 T 201 = 162.64400

125.28030 T 3C2 = 118.18212

103.89263 T 305 = 96.85168

.00000 T i01= 200.00000

23.24853 T 1006= 23.34972

23.34752 T 4001= 23.28243

23.50365 T 4004= 23.09485

--" NOTE "'" SYSTEM ENERGY BALANCE CRITERIA HAS BEEN MET, ENGBAL --0.949669E-02, LOOPCT =

94

EBNODE( 302)=-0.920868E-02 AT LOOPCT= 94

TIME = .00000

TEMPCC(

ITEST =

DTIMEU= 0.00000E-01 CSGMIN(

0)= 0.00000E-01 RELXCC(

0

O)= 0.000GOE-Oi

303)=-2.74658E-03

T i = .00000 T 2 = .0000C T 201= 162.56430

T 206= 52,15100 T 301 = 125.12854 T 302 = 118.02460

T 303" 110.91784 T 304= I03.8127C T 305 = 96.70728

T 306= 89.60156 T 3 = .00000 T I0i= 200.00000

T 106 = 14.70001 T I001= 23.29813 T 1006= 23.30763

T 2001 = 23.29813 T 2006 = 23.30737 T 4001= 23.30145

T 4002= 23.31066 T 4003 = 23.30546 T 4004= 23.30626

T 4005- 23.30726

"'" NOTE "** NODAL ENERGY BALANCE CRITERIA HAS BEEN MET, EBNODE

LOOPCT = 96

301)--0.286484E-02,

TIME= .00000

TEMPCC(

ITEST =

DTIMEU= 0.00000E-01 CSGMIN(

01= O.00000E-01 RELXCC(

0

0)= 0 00000E-01

301)=-1.58691E-03

T I = .00000 T 2 =

T 206= 52.15070 T 301= 125

T 303" ii0.91723 T 304= 103

T 306= 89.60101 T 3=

T I06" 14.70001 T i001= 23

T 2001 = 23.29939 T 2006= 23

T 4002= 23,30385 T 4003" 23

T 4005= 23.30726

0000C T 20i= 162 56384

12610 T 302= 118 02191

81213 T 305= 96 70673

00000 T !01= 200 00000

29840 T 1006 = 23 30744

30721 T 4001 = 23 30225

30526 T 4004= 23 30626

" (el COPYRIGHT 1982,1983,1984,1985,!986,!987 J.D.GASK! SINDA/1987/ANSI " 31 NETWORK

ANALYSIS ASSOCIATES, INC. - PAGE 2

COPMRESSIBLE FLOW, ID NETWORK

"'" NOTE "'" SNHOSD REQUIRES 20 DYNAMIC STORAGE LOCATIONS OUT OF 951 AVAILABLE *'"

TIME _ .00000

TEMPCC(

ITEST =

DTIMEU= 0.00000E-OI CSGMIN(

0)= O.00000E-01 RELXCC(

1

0) = O.O0000E-Ol

O) = 0.00000E-01

T I= .00000 T

T 206= 52.15070 T

T 303 = 110.91723 T

2 = .00C00 T 201= 162.56384

301 = 125.126i0 T 302= 118.02191

304 = 103.81213 T 305= 96.70673
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T 306 = 89.60101 T 3 = .00000 T i01 = 200.00000

T 106= 14.70001 T I001= 3.80786 T 1006= 3.80859

T 2001 = 3.80794 T 2006 = 3.80858 T 4001 = 10.92825

T 4002" 10.92863 T 4003= 1C.92896 T 4004= 10.92919

T 4005 = 10.92943

SNHOSD RUN, ARLXCA=0.i0000E-01, DRL XCA=0.10000E-01, BALENG=O'I0000E-01' BENODE=0"50000E-02'

NLOOP= 2000

"'* NOTE "'" RELAXATION CRITERIA HAS BEEN MET WITH LOOPCT = 105

ENGBAL = .134535 AT LOOPCT = 105

TIME= .00000

TEMPCC(

ITEST =

DTIMEU = O.00000E-OI CSGMIN(

0)= O.O0000E-OI RELXCC(

1

0)= 0.00000E-01

303)" 8.36182E-03

T i= .00000 T 2= .00000 T 201 =

T 206 = 58.27802 T 301 = I07.0366C T 302=

T 303= 106.07300 T 304 = 103.9182C T 305 =

T 306 = 101.92220 T 3 = .00000 T I01 =

T 106= 14.70001 T 1001 = 4.24310 T i006 =

T 2001 = 4.24281 T 2006= 4.11398 T 4001 =

T 4002 = .39542 T 4003 = 8.71851 T 4004=

T 4005 _ 3.90939

153 51562

105 9_420

102 88201

200 00000

4 10857

4 22191

4 21886

"'" NOTE "'" SYSTEM ENERGY BALANCE CRITERIA HAS BEEN MET, ENGBAL = C.998497E-02, LOOPCT =

542

EBNODE( 303)= 0.429916E-02 AT LOOPCT = 542

"'" NOTE *'" NODAL ENERGY BALANCE CRITERIA HAS BEEN MET, EBNODE(

LOOPCT = 542

3031= 0.429916E-02,

w .

TIME = .00000

TEMPCC(

ITEST =

DTIMEU = 0.O0000E-OI CSGMIN(

0)= 0.00000E-01 RELXCC(

1

0)= 0.O0000E-01

304)= 1.03760E-03

T 1 = .00000 T 2 = .0G'_0 T 201 =

T 206 = 59.62085 T 301 = I09.72_00 T 302 =

T 303_ 107.64971 T 304= 106.61330 T 305=

T 306 = 104.54360 T 3 = .00000 T 101 =

T 106= 14.70001 T 1001= 4.18123 T 1006 =

T 2001 = 4.18113 T 2006= 4.17127 T 4001=

T 4002 = 4.17842 T 4003 = 4.17412 T 4004=

T 4005= 4.17117

154 86250

108 68830

105 57860

200 00000

4 17118

4 17867

4 17068

VII. Flow Analysis for a 1-D Fluid Network, Compressible Flow

A. Statement of the Problem:

n ,

Consider the 1-D fluid network shown in Figure 5. The geometry is

identical to that of the previous example. For this problem however,
assume that steam is flowing through the system at a constant temperature
of 2460 R. The pressure boundary conditions are 600 psia at the inlet and
200 psia at the exit.

Schematic of 1-D Fluid Network, Compressible Flow

5-1-26



600 psia

0.5 in. dia.

6.0 in.

0.5 in. dia.

200 psia

0.5 in. dia.

Figure 5. Schematic of 1-D Fluid Network

VIII.

Pipe Flow

301 302 303 304 305 306

Tank Tank

Pressure 201 Orifice Flow Orifice Flow _06 i Pressure

Node i V ..... N _N°de

,._ • Arithmetic Nodes101 106

P 600_ psi (_ Boundary Nodes= P = 200 psi

Figure 6. 1-D Fluid R-C Network

C. Given:

(1)
(2)
(3)
(4)
(5)

Hydraulic diameters of pipe is 0.5 in
Hydraulic diameters of orifices are 0.5 in
Pipe length is 6 in

Upstream pressure boundary condition is 600 psia
Downstream pressure boundary condition is 200 psia

D. Find:

Steady state pressure and mass flowrate distribution through the 1-D fluid network

Analysis:

A. Discretization:

Same as previous example
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B. The Input Deck: Flow chart of logic blocks

EXECUTION DATA BLOCK [

INITIALIZE FLOW CONDUCTORS]
I

[ ITEST=0
I

SUBROUTINE SNHOSS [
CALCULATE STEADY STATE SOLUTION I
UTILIZE VARIABLES ONE BLOCK - SEE A I

I
I

ITEST=I I
I

SUBROUTINE SNHOSS [
CALCULATE STEADY STATE SOLUTION[
UTILIZE VARIABLES ONE BLOCK - SEE A4

/
I

I ITEST=2
I

SUBROUTINE SNHOSS I
CALCULATE STEADY STATE SOLUTION I
UTILIZE VARIABLES ONE BLOCK - SEE A[

I
I

ITEST=3 I
I

SUBROUTINE SNHOSS I
CALCULATE STEADY STATE SOLUTION I

UTILIZE VARIABLES ONE BLOCK - SEE AI

I

I OUTPUT CALLS]

YES

ITEST=0

NO

ITEST=2

ITEST=3

NO

CALCULATE ORIFICE AND
PIPE FLOW CONDUCTORS
UTILIZING SUBROUTINES
ORIFIC AND GPIPE

CALCULATE ORIFICE AND
PIPE FLOW CONDUCTORS
UTILIZING SUBROUTINES
NRIFIC AND NGPIPE

CALCULATE ORIFICE AND
PIPE FLOW CONDUCTORS
UTILIZING SUBROUTINES
NRIFIC AND NGPIPE,
CORRECT DENSITY FOR
STATIC PRESSURE

'"
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SINDA INPUT LISTING

c

c

BCD 3THERMAL LPCS

BCD 9COPMRESSIBLE FLOW, ID NETWORK
END

BCD 3NODE DATA

i, 0.0, 1.0

2, 0.0, 1.0

-3, 0.0, 1.0

-101,600.0,1.0 $ PRES BOUNDARY

-106,200.0,i.0 $ PRES BOUNDARY

201, 200.0, -i.0 S PRES AT FIRST CAVITY

206, 200.0, -I.0 $ PRES AT FIRST CAVITY

301, 200.0, -i.0 S PRES AT SECOND CAVITY

302, 200.0, -I.0 S PRES AT SECOND CAVITY

303, 200.0, -i.0 $ PRES AT SECOND CAVITY

304, 200.0, -i.0 $ PRES AT SECOND CAVITY

305, 200.0, -I.0 $ PRES AT SECOND CAVITY

306, 200.0, -i.0 S PRES AT SECOND CAVITY
C

C FLOW RATE STORAGE LOCATION

-I001, 0.0, 1.0

-1006, 0.0, 1.0

-2001, 0.0, 1.0

-2006, 0.0, 1.0

-4001, 0.0, 1.0

-4002, 0.0, 1.0

-4003, 0.0, 1.0

-4004, 0.0, 1.0

-4005, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

I, I, 2, 1,0

2, 2, 3, 1.0

i01, 101, 201, 0.0

106, 106, 206, 0.0

201, 201, 301, 0.0

206, 206, 306, 0.0

401, 30!, 302, 0.0

402, 302, 303, 0.0

403, 303, 304, 0.0

404, 304, 305, 0.0

405, 305, 306, 0.0

END

BCD 3CONSTANTS DATA
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DTIMEI,0.1

DTIMEH,0.1

NLOOP,5000

TIMEND,0.0

OUTPUT, 0.2

ARLXCA, 001

DRLXCA, 001

BALENG, 001

TIMEO, 0 0

DAMPA, 0 5

DAMPD, 0 5

NDIM, 1000

ITEST,O

301,0.

302,0.

303,0.

304,0.

305,0.

306,0.

1301,0

1302,0

1303,0

1304,0

1305,0

1306,0

END

BCD 3ARRAY DATA

1 $ PRES VS RHO (H20) AT 2460 DEG R

60.0, 0.0410

80.0, 0.O546

I00.0, 0.0683

120 0, 0.0819

140 0, 0.0956

0, 0 1093160

180

200

225

250

275

300

O, 0

0, 0

0, 0

0, 0

0, 0

0, 0

500 0, 0

600.0, 0

1229

1366

1537

1708

1879

2042

34

4102

I000.0, 0.68

2000.0, 1.37

4000.0, 2.76

END

END

2 $ VISCOSITY H20 VS TEMP

2060., 2.58E-5

2460., 3.03E-5

2960., 3.58E-5

3460., 4.0E-5

END

BCD 3EXECUTION

OPEN(3,FILE-"CH5SIP600.WRT",STATUS="UNKNO WN")

C INITIALIZE FLOW CONDUCTORS
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M

M

C

M

M

M

M

M

C

M

M

C

M

M

M

H

C

C

C

C

M

M

M

M

M

M

M

C

V

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

C

M

PAVG=AMAXI(TI01,T201)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREAz(3.14159"(0.5/12.)'*2)/4.0

GK=1.329

GI01z0.6*AREA'SQRT(2.'32.2"I44.'RHO)

PAVG_AMAXI(TIO6, T206)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)''2)/4.0

GI06zO.6*AREA'SQRT(2.'32.2"I44.'RHO)

PAVG=AMAXI(T201,T301)

CALL DIDEGI(PAVG, AI,RHO)

RGAS_I545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)''2)/4.0

G20I=0.6*AREA'SQRT(2.'32.2*I44.'RHO)

PAVG=AMAXI(T206,T306)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREA=(3.14159"(0.5�12.)''2) /4.3

G206=O.6"AREA'SQRT(2.'32.2"I44.'RHO)

CALC PIPE FLOW CONDUCTORS

TEMP_2460.

DIA-0.5/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T301,T302)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

FFACT=0.05

G401=SQRT(RHO'3.14159''2_DIA--5-144.-32.2/(8.-FFACT-XL))

TEMP=2460.

DIA-0.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG=AMAXI(T302,T303)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

FFACT=0.05

G402-SQRT(RHO'3.14159"'2"DIA''5"I44.'32.2/(8._FFACT-XLJ)

TEMP=2460.

DIA-0.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG-AMAXI(T303,T304)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/i2.0

FFACTz0.05

G403_SQRT(RHO'3.14159"'2"DIA--5-144.-32.2/(8 -FFACT-XL))

TEMP-2460.

5-1-31



M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

C

F

F

F

C

F

F

F

C

F

F

F

C

C

F

F

F

C

M

M

M

M

M

M

C

C CALC

C

F

F

F

C

M

M

M

M

M

M

M

C

M

M

M

M

DIA=0.50/12.

AREA=(3.14159*DIA''2)/4.

PAVG=AMAXI(T304,T305)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.O/12.0

FFACT=O.05

G404=SQRT(RHO-3.14159"'2*DIA''5"I44.'32.2/(8-'FFACT'XL)

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159"DIA'*2}/4.

PAVG=AMAXI(T305,T306)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

FFACT=O.05

G405=SQRT(RHO-3.14159"'2"DIA''5"I44.'32.2/(8.'FFACT*XL)

ITEST=0

NLOOP=2000

CALL SNHOSS

ITEST=I

NLOOP=2000

CALL SNHOSS

ITEST=2

NLOOP=2000

CALL SNHOSS

ITEST-3

NLOOP-5000

CALL SNHOSS

END

BCD 3VARIABLES 1

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

{XK301,VEL301), (XKI301,RHO301)

(XK302,VEL302), (XKI302,RHO302)

(XK303,VEL303), (XKI303,RHO3C3)

(XK304,VEL304], (XKi304,RHO304)

(XK305,VEL305), (XKI305,RH_)305)

(XK306,VEL306), (XKI306, RHO306)

ORIFICE FLOW CONDUCTORS

IF(ITEST.EQ.O)GO TO 40

IF(ITEST.EQ.2)GO TO 5C

IF(ITEST.EQ.3)GO TO 150

PAVG=AMAXI{TI01,T201)

CALL DIDEGI[PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREA={3.14159"(0.5/12.)''2)/4.0

GK=1.329

CALL ORIFIC(RHO,AREA, RGAS,TEMP,TI01,T2$!,GK, TIOOI,GI01

PAVG=AMAXI(TI06,T206)

CALL DIDEGI(PAVG, AI,RHO!

RGAS=I545./18.

TEMP=2460.
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M

M

C

M

M

M

M

M

C

M

M

M

M

M

M

C

C CALC

C

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M
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AREA-(3.14159*(0.5/12.)--2)/4.0

CALL ORIFIC(RHO, AREA, RGAS,TEMP,TI06,T206,GK,T!006,GI06)

PAVG-AMAXI(T201,T30i)

CALL DIDEGI(PAVG,A!,RHO)

RGAS=I545./18.

TEMP-2460.

AREA=(3.14159"(0.5/12.)--2)/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,T201,T301,GK, T2001,G201)

PAVG-AMAXI(T206,T306)

CALL DIDEGI(PAVG,AI,RHO)

RGASzI545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.),,2)/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,T206, T306, GK, T2006,G206)

PIPE FLOW CONDUCTORS

TEMPz2460.

DIA=0.50/12.

AREA=(3.14159"DIA-,2)/4.

PAVG=AMAXI(T301,T302)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY=T4001*DIA/(AREA-×MU)

IF(REY.EQ.C.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL GPIPE(RHO,AREA, XL, DIA, FFACT, T3CI,T302,T40CI,G401)

TEMP-2460.

DIAz0.50/12.

AREAI(3.14159-DIA--21/4.

PAVGzAMAXI(T302,T303)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY-T4002*DIA/(AREA'XMU)

IF(REY.EQ.0_0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL GPIPE(RHO,AREA, XL, DIA, FFACT, T302,T303oT4OO2,G402)

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159-DIA=-2)/4.

PAVG=AMAXI(T303,T304)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMUI

XL=I.0/12.0

REY=T4003*DIA/(AREA=×MU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL GPIPE(RHO, AREA, XL, DIA, FFACT, T30B,T304,T4003,G403)

TEMP-2460.

DIA=0.50/12.

AREA=(3.14159"DIA--2)/4.

PAVG=AMAXI(T304,T305)

CALL DIDEG!(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)
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M
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XLzl.0/12.0

REYzT4004WDIA/(AREA'XMU)

IF(REY.EQ.0.0)REY'64.

IF(REY.LT.2000.)FFACT"64./REY

IF(REY.GT.2000.)FFACT'0.032

CALL GPIPE(RHO,AREA, XL, DIA, FFACT,T304,T305,T4004,G404)

TEMP-2460.

DIA'0.50/12.

AREA=(3.14159"DIA'*2)/4.

PAVG-AMAXI(T305,T306)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL'I.0/12.0

REY-T4005*DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY'64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT'0.032

CALL GPIPE(RHO,AREA, XL, DIA,FFACT,T305,T306, T4005,G405)

GO TO 40

PAVG=AMAXI (T101, T201)

CALL DIDEGI(PAVG, AI,RHO)

RGAS'1545 ./18.

TEMP-2460.

AREA z(3.14159"(0.5/12-)'w2) /4.$

GK'I .329

CALL NRIFIC(RHO,AREA,RGAS, TEMP,TI0i,T2QI,GK'TI001'GI01)

PAVGzAMAXI(TIO6, T206)

CALL DIDEGI(PAVG, AI,RHO)

RGAS=I545./18.

TEMP-2460.

AREA=(3.14159*(0.5/12.)''2)/4.0
_nCALL NRIFIC(RHO,AREA, RGAS,TEMP,._06,T206, GK, T!006, GI06)

PAVGzAMAXI(T2OI,T301)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)''2)/4.O

CALL NRIFIC(RHO,AREA, RGAS,TEMP,T201,T30!,GK, T2001,G201)

PAVG=AMAXI(T206, T306)

CALL DIDEGI(PAVG,AI,RHO)

RGASII545./18.

TEMP_2460.

AREA=(3.14159"(0.5/12.)''2)/4.0

CALL NRIFIC(RHO,AREA, RGAS,TEMP,T206,T306, GK, T2006, G2061

PIPE FLOW CONDUCTORS

TEMP-2460.

DIA=0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T301,T302)

CALL DIDEGI(PAVG,AI,RHO)

RHO301-RHO

VEL301-T4001/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

REY=T4001"DIA/(AREA'×MU)

IF(REY.EQ.0.O)REY-64.
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IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL NGPIPE(RHO,AREA,XL, DIA,FFACT,T3@I,F302,T40OI,G401)

TEMP-2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T302,T303)

CALL DIDEGI(PAVG, AI,RHO)

RHO302-RHO

VEL302-T4002/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/12.0

REY-T4002"DIA/(AREA'XMU)

IF(REY.EQ.O.01REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT-O.032

CALL NGPIPE(RHO,AREA,XL, DIA,FFACT, T302,T303,T4002,G402)

TEMP-2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T303,T304)

CALL DIDEGI(PAVG, AI,RHO)

RHO303-RHO

VEL303-T4003/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL=I.O/12.O

REY=T4003*gIA/(AREA'XMU)

IF(REY.EQ.0.0)REY'64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT-0.032

CALL NGPIPE(RHO,AREA, XL, DIA,FFACT, T303,T304,T4003,G403)

TEMP'2460.

DIA=0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVGzAMAXI(T304,T305)

CALL DIDEGI(PAVG,AI,RHOI

RHO304"RHO

VEL3041T4004/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

REY'T4004"DIA/_AREA'XMU)

IF(REY.EQ.0.0)REY'64.

IF(REY.LT.2000.)FFACTz64./REY

IF(REY.GT.2000.)FFACT=O.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT, T304,T305,T4004,G404}

TEMPz2460.

DIA=0.50/12.

AREA=(3.14159*DIA''2)/4.

PAVG=AMAXI(T3OS,T306)

CALL DIDEGI(PAVG,AI,RHO)

RHO305"RHO

VEL305=T4005/RHO/AREA

RHO306=RHO

VEL306zT40OS/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY=T4005"DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=O.032
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CALL NGPIPE(RHO,AREA, XL, DIA, FFACT,T3OS,T306,T4005,G405)

GO TO 40

PAVG-(TI01)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159*(0.5/12.)''2)/4.0

GK-1.329

CALL NRIFIC(RHO,AREA, RGAS,TEMP,TI01,T2OI,GK, TI001,GI01)

PAVG-T206

CALL DIDEGI(PAVG, AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159*(0.5/12.)*'2)/4.0

CALL NRIFIC(RHO, AREA, RGAS,TEMP,TI06, T206,GK,TI006,GI061

PSTAT-T301-RHO30!'VEL301"VEL20i/(2.0"32.2_!44.1

PAVG=(T201)

CALL DIDEGI(PAVG,AI,RHO)

RGASsI545./18.

TEMP-2460.

AREA=(3.14159*(0.5/12.)''2)/4.0

CALL NRIFIC(RHO,AREA, RGAS,TEMP,T201,T301,GK, T200I,G201)

PSTAT=T306-RHO306"VEL306"VEL306/(2.0_32.2_I44.1

PAVG=(PSTAT)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(PSTAT, AI,RHO3O6)

VEL306-T4005/RHO306/AREA

RGASsI545./18.

TEMP-2460.

AREA-(3.14159"(0.5/12.)''2)/4.0

CALL NRIFIC{RHO, AREA, RGAS,TEMP,T206,T306, GK,T2006,G206)

PIPE FLOW CONDUCTORS

TEMP-2460.

DIA=0.50/12.

AREA-(3.14159*DIA''2)/4.

PSTATI=T301-RHO301"VEL30I'VEL301/(2.0"32.2*144.)

PSTAT2-T302-RHO302"VEL302"VEL302/(2.0_32.2"I44.)

PAVG-(PSTATI)

CALL DIDEGI(PSTATI,AI,RHO301)

VEL301mT4001/RHO301/AREA

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,×MU)

XL=I.0/12.0

REYsT4001"DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT,T301,T302,T400!,G401)

TEMP=2460.

DIA-0.50/12.

AREA-(3.i4159"DIA''2)/4.

PSTAT2-T303-RHO303"VEL303"VEL303/(2.0"32.2_I44.)

PSTATI=T302-RHO302"VEL302"VEL302/(2.0"32.2"I44.)

PAVG=(PSTATII

CALL DIDEGI(PSTAT!,AI,RHO302)
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VEL302"T4002/RHO302/AREA

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,×MU)

XL-I.0/12.0

REY'T4002"DZA/(AREA'XMU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(RZY.GT.2000.)FFACT-0.032

CALL NGPIPE(RHO,AREA, XL, DiA, FFACT,T302,T303,T4002,G402)

TEMP'2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PSTATI'T303-RHO303*VEL303"VZL303/(2.0*32.2"I44.)

PSTAT2-T304-RHO304"VEL304"VEL304/(2.0"32.2"I44.)

PAVG-(PSTATI)

CALL DIDEGI(PSTAT1,AI,RHO303)

VEL303-T4003/RHO303/AREA

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY-T4003*DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL NGPIPE{RHO, AREA, XL, DIA, FFACT,T303,T304,T4003,G4O31

TEMP=2460.

DIA-0.50/12.

AREAz(3.14159"DIA''2)/4.

PSTAT2-T305-RHO305"VEL305"VEL305/(2.0"32.2"I44.)

PSTATI'T304-RHO304"VEL304"VEL304/(2.0*32.2"I44.)

PAVG-(PSTATI)

CALL DIDEGI(PAVG,AI,RHO304)

VEL304-T4004/RHO304/AREA

CALL DIDEGI(PSTATI,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY-T4004"DIA/(AREA'XMU)

IF(REY.EQ.O.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL NGPIPE(RHO, AREA, XL, DIA,FFACT,T304,T305,T4004,G404)

TEMP=2460.

DIAl0.50/12.

AREA-(3.14159*DIA''2)/4.

PSTATI-T305-RHO305"VEL305"VEL305/(2.0"32.2"I44.)

PSTAT2-T306-RHO306"VEL306"VEL306/(2.0-32.2-144.)

PAVG=(PSTATI)

CALL DIDEGI(PSTATI,AI,RHO305)

VEL305-T4005/RHO305/AREA

CALL DIDEGI(PAVG,Ai,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

REY=T4005"DIA/(AREA'XMU)

IF(REY.EQ.0.O)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL NGPIPE(RHO,AREA,XL, DIA, FFACT,T305,T306,T4005,G405)

MDOTS

CALL XMDOT(TI01,T2OI,GI01,TICCI)
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M CALL XMDOT(TI06,T206, GI06,TI006)

C

M CALL ×MDOT(T201,T301,G201,T20011

M CALL ×MDOT(T206,T306,G206,T2006)

C

M CALL XMDOT(T301,T302,G401,T4001)

M CALL XMDOT(T302,T303,G402,T4002)

M CALL XMDOT(T303,T304,G403,T4003)

M CALL XMDOT(T304,T305,G404,T4004)

M CALL XMDOT(T305,T306, G405,T4005)

C

F I00 CONTINUE

C

F RETURN

F END

C

F SUBROUTINE XMDOT(PUP,PDN,GCOND,XM)

C

F XM-GCOND*ABS(PUP-PDN)

F RETURN

F END

C

F SUBROUTINE ORIFIC(RHO,AREA, RGAS,TEMP,PUP,PDN,GK,XM,GCOND)

C

F IF(PUP.EQ.PDN)GO TO 2

F GCOND.0.6-AREA'SQRT(2.'32.2"I44.'RHO)/SQRT(ABS(PUP-PDN})

F RETURN

F 2 GCOND=0.0

F RETURN

F END

C

F SUBROUTINE GPIPE(RHO,AREA, XL, DIA, FFACT, PUP,PDN, XM, GCOND)

C

F IF(PUP.EQ.PDN)GO TO 2

F GCOND'SQRT(R HO*3.14159"'2"DIA''5"I44"'32"2/(8""FFACTtXL))

F GCOND-GCOND/SQRT(ABS(PUP-PDN))

F RETURN

F 2 GCOND=O.0

F RETURN

F END

C

F SUBROUTINE NRIFIC(RHO,AREA, RGAS,TEMP,PUP,PDN,GK,XM,GCOND)

C

F IF(PUP.EQ.PDN)GO TO 2

C

F PUPI=PUP

F PDNI=PDN

C

F PSI=PUP

F PS2=PDN

F IF(PUP.GT.PDN)GO TO 1

F PUPI=PS2

F PDNI-PSI

F 1 CONTINUE

C

F GK=1.329

C

F PRATIO =(2.0/(GK+I.0) )''(GK/(GK-I.0)I

F PCRIT=PUP! "PRATIO

F BETA=0.O

C

F Y=I.-(0.41 +0.35"BETA'_4]'(PUPl-PCRIT)/(GK'PU?I)

F GMAX=O.6"AREA'SQ RT(2.'32"2"I44''RHO}

F GMAX=GMAX'Y'SQRT(PUP!-PCR!T)
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GMAX-GMAX/(PUPI-PDNI)

Y-1.-(O.41+0.35"BETA''4)'(PUP!-PDNI)/(GK-PUPI)

GCOND-0.6"AREA'SQRT(2.'32.2"I44.'RHO)

GCOND-GCOND*Y/SQRT(PUPI-PDNI)

IF(PDNI/PUPI.LT.PRATIO)GCOND-AMINI(GMAX,GCOND)

RETURN

GCOND-0.0

RETURN

END

SUBROUTINE NGPIPE(RHO, AREA, XL, DIA,FFACT,PUP,PDN,XM, GCOND)

IF(PUP.EQ.PDN)GO TO 2

PUPI'PUP

PDNI'PDN

PSI=PUP

PS2=PDN

IF(PUP.GT.PDN)GO TO 1

PUPI'PS2

PDNI'PSI

CONTINUE

GCOND=(144.fRHO'32.2"AREA''2)

GCOND=GCOND/((FFACT'XL/DIA)*2.'ALOG(PUPI/PDN!I}

GCOND=SQRT(GCOND)

GCOND'GCOND*SQRT((PUP+PDN)/(PUP!"ABS(PUP-PDN)))

RETURN

GCOND'0.0

RETURN

END

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

CALC MDOTS

CALL XMDOT(TI01,T201,GI01,TI001)

CALL ×MDOT(TI06, T206,GIO6,TI006)

CALL XMDOT(T2OI,T301,G201,T20011

CALL XMDOT(T206,T306, G206,T20061

CALL

CALL

CALL

CALL

CALL

XMDOT(T301,T302,G401,T4001)

XMDOT(T302,T303,G402,T4002)

XMDOT(T303,T304,G403,T4C03)

XMDOT(T304,T305,G404,T4004)

XMDOT(T305,T306, G405,T4005}

FOUR COLUMN OUTPUT ROUTINE, STNDRD
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F

F 9

F $

F $

F $

F $

C

C FOUR

C

F

lO0

F

F

F 5

F

F I0

F I01

F

F

F

F!5

CF

C

C

IX.

J-LNODE÷NCSGMN

II'NX(J)

IF(J.LE.LNODE)II'0

J-LNODE+NDTMPC

I2"NX(J)

IF(J.LE.LNODE)I2-0

J-LNODE+NARLXC

I3"NX(J)

IF(J.LE.LNODE) I3"O

WRITE(3,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC, I3,ARLXCC, ITEST,LOOPCT

FORMAT(/,IIH "'''*''*'"/6H TIME'FI2.5,SX, SH DTIMEU'IPEI2.5,

8H CSGMIN(I6,2H)-IPEI2.5,/,18X,8H TEMPCC(I6,2H)'IPEI2.5,

8H RELXCC(I6,2H)slPEI2-5,/,

18X, SH ITEST "I6,/,

18X, SH LOOPCT'I6)

COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (3, I00)

FORMAT (IH)

J'l

L-4

IF(L.LT.NNT)GO TO 10

L=NNT

WRITE(3,101) (HT,NX(I+LNODE),T(I),I = J,L)

FORMAT(4(IX, AI, I6,1H =,FI2.5,1X))

IF(L.EQ.NNT)GO TO 15

J"L+I

L=L+4

GO TO 5

CONTINUE

END

RETURN

END

BCD 3END OF DATA

Presentation and Discussion of Results:

A. Presentation of Results:

Results obtained from SINDA are given on the following pages. Nodal pressures
and mass flowrates are printed in psia and lb/sec, respectively. Figure 7 shows the

steady state nodal pressures and mass flowrates through the 1-D resistance fluid
network using linearized incompressible flow equations.
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458.0 455.7 453.3 451.0 448.6 446.2

342.3

600 psia 200 psia

X ,

Figure 7. Steady State Nodal Pressures and Mass Flowrates for 1-D Resistance Fluid

Network Using Linearized Compressible Flow Equations

Closing Comments:

One difference in this example relative to the previous example involves the calculation of
static pressure for determination of density. This was not necessary in the previous
example because the fluid was incompressible (density not a function of pressure). In this
example static pressure is calculated in the variables block, for proper determination of
density. Differentiation between static and dynamic pressure may become necessary in
branching, compressible pipe flow, for proper determination of flowrate and fluid
properties.

SINDA OUTPUT LISTING

T I=

T 301-

7 3O5=

T 106=

T 2006=

T 4004=

TIME=

T 301=

T 305=

T 106=

T 2006=

.00000

TEMPCCI

ITEST =

LOOPCT=

DTIMEU=

0)=

0

0

0.00000E-01 CSGMIN(

0.00000E-01 RELXCC(

.00000 T 2 =

200.00000 T 302=

200.00000 T 306=

200.00000 T 1001=

.00000 T 4001=

.00000 T 4005=

0)= 0.00000E-01

0)= 0.O0000E-01

.00000

TEMPCC(

ITEST =

LOOPCT=

.00000 T 201= 200.00000 T 206=

200.00000 T 303= 200.00000 T 304=

200.00000 T 3 = .00000 T I01=

20.18368 T 1006= .00000 T 2001=

.00000 T 4002= .00000 T 4003=

.00000

DTIMEU= 0.00000E-Of CSGMIN(

0)= 0.O0000E-01 RELXCC(

0

ill

0)= 0.00000E-01

305)=-7.93457E-04

.00000 T 2= .000O0 T 201= 549.00130 T 206 =

460.62650 T 302: 443.85852 T 303= 427.09010 T 304=

393.55090 T 306= 376.78020 T 3 = .00000 T i01 =

200.00000 T I001= 2.57335 T 1006= 2.57379 T 2001=

2.57377 T 4001= 2.57334 T 4002= 2.57341 T 4003=

200.00000

200.00000

600.00000

.00000

.00000

288.39044

410.32090

600.00000

2.57334

2.57353
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T 4004- 2.57364 T 4005 = 2.57377

TIME=

T I-

T 301-

T 305-

T 106-

T 2006-

T 4004-

.00000 DTIMEU" 0.00000E-01CSGMIN(

TEMPCC( 0)" 0.00000E-Of RELXCC(

ITEST - 1

LOOPCT- 0

.00000 T 2"

460.62650 T 302 =

393.55090 T 306-

200.00000 T 10011

.37501 T 4001-

1.12293 T 4005-

0)= 0.00000E-OI

0)= 0.00000E-01

.00000 T 201" 549.00130 T 206- 288.39044

443.85852 T 303- 427.09010 T 304- 410.32090

376.78020 T 3 = .00000 T i01- 600.00000

.36035 T 1006- .32845 T 2001- .45318

1.18959 T 4002 = 1.16779 T 4003- 1.14558

1.09981

TIME"

T I-

T 301- 444

T 305- 435

T 106- 200

T 2006-

T 4004-

.00000 DTIMEU- 0.00000E-Of CSGMIN(

TEMPCC( 0)- 0.00000E-01 RELXCC(

ITEST = 1

LOOPCT- 594

00000 T 2 = .00000 T 201 =

23291 T 302- 441.95980 T 303=

07702 T 306 = 432.76160 T 3=

00000 T 1001= .43029 T 1006 =

42963 T 4001 z .43014 T 4002 =

42981 T 4005 = .42964

0)- 0.00000E-01

301)- 9.!5527E-04

527.28302 T 206- 331_.73060

439.67610 T 304- 437.38210

.00000 T 101 = 600.00000

.42963 T 2001- .43028

.43004 T 4003 = .42990

TIME = .00000

TEMPCC(

ITEST =

LOOPCT-

DTIMEU = 0.00000E-01CSGMIN(

0)= 0.00000E-Of RELXCC(

2

0

0)= 0.00000E-01

01= 0.00000E-01

T i"

T 301-

T 305-

T i06_

T 2006-

T 4004-

.00000 T 2=

444.23291 T 302 =

435.07702 T 306=

200.00000 T !001 =

.39869 T 4001-

.39766 T 4005=

.00000 T 201 = 527.28302 T 206- 331.73060

441.95980 T 303 = 439.67610 T 304= 437.38210

432.76160 T 3= .00000 T !01= 600.00000

.41420 T 1006 = .37700 T 2001- .40937

.39881 T 4002= .39844 T 4003 = .39803

.39722

TIME = .00000

TEMPCC(

ITEST =

LOOPCT=

DTIMEU= O.O0000E-OI CSGMIN

0)= 0.00000E-C1 RELXCC

2

492

0}= 0.00000L-Of

303)= 9.15527E-04

T i" .00000 T 2-

T 301 = 454.42970 T 302 =

T 305 = 445.46044 T 306 =

T 106 _ 200.00000 T 1001 =

T 2006- .39968 T 4001=

T 4004 = .39981 T 4005 =

.00000 T 201 = 532.47010 T 206-

452.20642 T 303 = 449.97131 T 304=

443.18414 T 3 = .00000 T 101-

.40026 T 1006= .39968 T 2001=

.40015 T 4002= .39995 T 4003=

.39968

344.78143

447.72320

600.00000

.40026

.39983

ttTTt_t_t_

TIME= .00000

TEMPCC(

ITEST =

LOOPCT =

DTIMEU= 0.00000E-Of CSGMIN

3)= 0.0000OE-01 RELXCC{

3

0

0)= O.O0000E-OI

0)= 0.OOOOOE-Oi

T i= .00000 T 2 =

T 301 = 454.42970 T 302 =

T 305 = 445.46044 T 306 =

T 106 = 200.00000 T I001=

.00000 T 201= 532.47010 T 206= 344.78143

452.20642 T 303= 449.97131 T 304 = 447.72320

443.18414 T 3 = .CO00O T I01- 600.00000

.40026 T 1006= .39968 T 2001= .40026
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T 2006- .38567 T 4001= .38671 T 4002 = .38640 T 4003- .38616

T 4004- .38600 T 4005= .38574

_T_t_t_tf

TIME-

XI.

.00000

TEMPCC(

ITEST ffi

LOOPCT-

DTIMEUffi 0.00000E-01 CSGMIN(

0)= 0.00000E-01 RELXCC(

3

342

0) = 0.00000E-01

301)- 9.15527E-04

301-

305-

106ffi

2006-

4004-

.00000 T 2-

458.01380 T 302-

448.59190 T 306-

200.00000 T I001-

.39547 T 4001ffi

.39558 T 4005ffi

00000

455 68371

446 19354

39605

39591

39546

T 201ffi 533.98800 T 206- 342.33502

T 303ffi 453.33624 T 304- 450.97253

T 3 = .00000 T I01- 600.00000

T 1006= °39547 T 2001- .39605

T 4002= .39585 T 4003- .39571

Flow Analysis for a I-D Fluid Network, Compressible Flow with Choked
Flow Conditions

A,

g ,

Statement of the Problem:

Consider the 1-D fluid network shown in Figure 9. The geometry is identical to
that of the previous example. For this problem however, assume that steam is
flowing through the system at a constant temperature of 2460 R. The pressure
boundary conditions are 400 psia at the inlet and 14.7 psia at the exit. In this
example choked flow will occur somewhere in the network.

Schematic of 1-D Fluid Network, Compressible Flow

400 psia

0.5 in. dia.

6.0 in.

0.5 in. dia.

14.7 psia

0.5 in. dia.

Figure 8. Schematic of 1-D Fluid Network
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Pipe Flow

301 302 303 304 305 306

P = 400 psia P = 14.7 psia

XII.

C. Given:

(1)
(2)
(3)
(4)
(5)

Figure 9. 1-D Fluid R-C Network

D. Find:

Hydraulic diameters of pipes are 0.5 in
Hydraulic diameters of orifices are 0.5 in
Pipe length is 6 in
Upstream pressure boundary condition is 400 psia
Downstream pressure boundary condition is 14.7 psia

Steady state pressure and mass flowrate distribution through the 1-D fluid network

Analysis:

A. Discretization:

Same as previous example
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B. The Input Deck: Flow chart for logic blocks

EXECUTION DATA BLOCK [
INITIALIZE FLOW CONDUCTORS I

I
ITEST=O I

I

SUBROUTINE SNHOSS
CALCULATE STEADY STATE SOLUTION
UTILIZE VARIABLES ONE BLOCK - SEE A

I
[ ITEST=I

I

SUBROUTINE SNHOSS
CALCULATE STEADY STATE SOLUTION
UTILIZE VARIABLES ONE BLOCK . SEE A

I
ITEST=2 [

I

SUBROUTINE SNHOSS
CALCULATE STEADY STATE SOLUTION
UTILIZE VARIABLES ONE BLOCK - SEE A

I

[ ITEST=3
I

SUBROUTINE SNHOSS [
CALCULATE STEADY STATE SOLUTION [

UTILIZE VARIABLES ONE BLOCK - SEE A I
I

I

[ OUTPUT CALLS[

YES

YES

ITEST-'0

ITEST=:_

ITEST=3

NO

CALCULATE ORIFICE AND [

m

PIPE FLOW CONDUCTORS [
I

UTILIZING SUBROUTINES [--
ORIFIC AND GPIPE /

J

CALCULATE ORIFICE AND

PIPE FLOW CONDUCTORS

UTILIZING SUBROUTINES

NRIFIC AND NGPIPF_.,
CHECK FOR CHOKED

FLOW CONDITIONS

CALCULATE ORIFICE AND

PIPE FLOW CONDUCTORS

UTILIZING SUBROUTINES

NRIFIC AND NGPIPE,

CHECK FOR CHOKED "7

FLOW CONDITIONS , [
CORRECT DENSITY FOR |

TATI PR R _ •
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SINDA INPUT LISTING

BCD 3THERMAL LPCS

BCD 9COPMRESSIBLE FLOW, ID NETWORK

END

BCD 3NODE DATA

i, 0.0, 1.0

2, 0.0, 1.0

-3, 0.0, 1.0

-i01,400.0,1.0 $ PRES BOUNDARY

-106,14.7,1.0 $ PRES BOUNDARY

201, 400.0, -I.0 $ PRES AT FIRST CAVITY

206, 400.0, -I.0 S PRES AT FIRST CAVITY

301, 400.0, -!.0 $ PRES AT SECOND CAVITY

302, 400.0, -i.0 S PRES AT SECOND CAVITY

303, 400.0, -I.0 $ PRES AT SECOND CAVITY

304, 400.0, -I.0 S PRES AT SECOND CAVITY

305, 400.0, -i.0 $ PRES AT SECOND CAVITY

306, 400.0, -i.0 S PRES AT SECOND CAVITY

C

C FLOW RATE STORAGE LOCATION

C

-1O01, 0.0, 1.0

-1006, 0.0, 1.0

-2001, 0.0, 1.0

-2006, 0.0, 1.0

-4001, 0.0, 1.0

-4002, 0.0, 1.0

-4003, 0.0, 1.0

-4004, 0.0, 1.0

-4005, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

I, i, 2, !.0

2, 2, 3, 1.0

i01, i01, 201, 0.0

106, 106, 206, 0.0

201, 201, 301, O.0

206, 206, 306, 0.0

END

401, 301, 302, 0.0

402, 302, 303, 0.0

403, 303, 304, 0.0

404, 304, 305, 0.0

405, 305, 306, 0.0

BCD 3CONSTANTS DATA
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DTIMEI,0.1

DTIMEH,0.1

NLOOP,5000

TIMEND, 0.0

OUTPUT, 0.2

ARLXCA, 001

DRLXCA, 001

BALENG, 001

TIMEO, 0 0

DAMPA, 0 5

DAMPD,0 5

NDIM, IO00

ITEST, 0

301,0.

302,0.

303,0.

304,0.

305,0.

306,0.

1301,0.

1302,0.

1303,0.

1304,0.

1305,0.

1306,0.

END

BCD

i40.0,

160.0,

180.0,

200.0

225 0

250 0

275 0

300 0

500 0

600 0

3ARRAY DATA

1 5 PRES VS RHO (H20)

60.0, 0.0410

80.0, 0.0546

100.0, 0.0683

120.0, 0.0819

0 0956

0 1093

0 1229

0 1366

0 1537

0 1708

0 1879

0 2042

0 34

0 4102

i000.0, 0.68

2000.0, 1.37

4000.0, 2.76

END

AT 2460 DEG R

2 $ VISCOSITY H20 VS TEMP

2060., 2.58E-5

2460., 3.03E-5

2960., 3.58E-5

3460., 4.0E-5

END

END

BCD 3EXECUTION

OPEN(3,FILE="CH5SIP400.WRT",STATUS="UNKNOWN")

C INITIALIZE FLOW CONDUCTORS
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c

M

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

C CALC

C

C

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

C

M

PAVG-AMAXI (TIOI, T20 i)

CALL DIDEGI(PAVG,AI,RHO)

RGAS'I545 ./18 .

TEMP'2460.

AREA'(3.14159"(0.5/12.)''2) /4.0

GK-I. 329

GI01"0.6"AREA'SQRT (2. "32.2"144. *RHO)

PAVG-AMAXI(TIO6,T206)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159"(0.5/12.)''21/4-0

GI06-0.6*AREA'SQRT(2.'32.2"!44.'RHO)

PAVG_AMAXI(T201,T301)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP'2460.

AREA-(3.14159"(0.5/12.)''21/4-0

G201=0.6*AREA'SQRT(2.*32.2"I44.'RHO)

PAVGzAMAXI(T206, T306)

CALL DIDEGI(PAVG,AI,RHO)

RGASzI545./18.

TEMP=2460.

AREA-(3.14159"(0.5/12.)''2)/4.0

G206=0.6"AREA'SQRT(2.'32.2"I44.'RHO)

PIPE FLOW CONDUCTORS

TEMP-2460.

DIA-0.5/12.

AREA=(3.14159"DIA''2)/4.

PAVG=AMAXI(T301,T302)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XLzl.0/12.0

FFACT=0.05

G40I=SQRT(RHO'3.14159''2"D!A''5"I44.'32.2/(8. "FFACT'XL))

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159"DIA''2)/4.

PAVG-AMAXI(T302,T303)

CALL DIDEGI(PAVG,AI,RHO}

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

FFACT=O.05

G402=SQRT(RHO'3.14159"*2"DIA''5"I44. _32.2/(8.'FFACT'XL)

TEMP_2460.

DIA-0.50/12.

AREAm(3.14159"DIA''2)/4.

PAVG=AMAXI(T303,T304)

CALL DIDEGI(PAVG,Ai,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

FFACT_O.05

G403=SQRT(RHO'3.i4159"'2"DIA''5"I44.'32.2/(8-'FFACT'XL)

TEMP-2460.
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C

F

F

F

C

F

F

F

C

F

F

F

C

C

F

F

F

C

C

M

M

M

M

M

M

C

C

C

F

F

F

C

M

M

M

M

M

M

M

C

M

M

M

M

DIA-O.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T304,T305)

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

FFACT-O.05

G404-SQRT(RHO'3.14159''2"DIA''5*I44.'32.2/(8.'FFACT'XL))

TEMP-2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T305,T306)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-1.0/12.0

FFACTs0.05

G405=SQRT(RHO-3.14159--2*DIA--5*I44.-32.2/(8.-FFACT'XL))

ITESTIO

NLOOPs2000

CALL SNHOSS

ITEST=I

NLOOP-2000

CALL SNHOSS

ITEST=2

NLOOP=2000

CALL SNHOSS

ITEST-3

NLOOP-5000

CALL SNHOSS

END

BCD 3VARIABLES I

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

(XK301,VEL301)

(XK302,VEL3O2)

(XK303,VEL303)

(XK304,VEL304)

(XK305,VEL305)

(XK306, VEL306)

XK!30!,RHO301)

XKI302,RHO302)

XKI303,RHO303)

XKI304,RHO304)

XKI305,RHO305)

XKI306,RHO306)

CALC ORIFICE FLOW CONDUCTORS

IF(ITEST.EQ.0)GO TO 40

[F(ITEST.EQ.2)GO TO 50

IF(ITEST.EQ.3)GO TO 150

PAVG=AMAXI(T101,T201)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=!545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)''2)�4.0

GK=1.329

CALL ORIFIC(RHO,AREA, RGAS,TEMP,TI01,T2C!,GK,TI001,GI01)

PAVG=AMAXI(TI06,T206)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.
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M

c

M

M

M

M

M

M

C

M

M

M

M

M

M

C

C CALC

C

C

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

AREA-(3.14159"(0.5/12.)"'2)/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,TIO6, T206,GK,TI006,GI06)

PAVG*AMAXI(T201,T301)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159*(0.5/12.)"'2)/4.0

CALL ORIFIC(RHO, AREA, RGAS,TEMP,T201,T301,GK, T2001,G201)

BAVG-AMAXI(T206, T306)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159"(0.5/12.)''2)/4.0

CALL ORIFIC(RHO,AREA, RGAS,TEMP,T206,T306, GK, T2006,G206)

PIPE FLOW CONDUCTORS

TEMP-2460.

DIA'0.50/12.

AREA-(3.14159"DIA''2)/4-

PAVG-AMAXI(T301,T302)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMUI

XL=I.0/12.0

REYuT40OI'DIA/(AREA'XMU}

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=O.032

CALL GPIPE(RHO, AREA,XL, DIA, FFACT,T30!,T302,T40OI,G40i)

TEMP-2460.

DIA'0.50/12.

AREA-(3.14159*DIA'*2)/4.

PAVG_AMAXI(T302,T303)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REYzT4002*DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=0.032

CALL GPIPE(RHO, AREA,XL, DIA,FFACT,T302,T303,T4002,G4_2)

TEMP'2460.

DIA'0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T303,T304]

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY=T4003wDIA/(AREA'XMU)

IF(REY.EQ.0.O)REY-64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=O.032

CALL GPIPE(RHO, AREA,XL, DIA,FFACT,T303,T304,T4003,G403)

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159"DIA''2) /4.

PAVGzAMAXI(T304,T305)

CALL DIDEGI(PAVG,AI,RHO)
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M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

C

F

C

M 5O

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

C CALC

C

C

M

M

M

M

M

M

M

M

M

CALL DIDEGi(TEMP,A2,XMU)
XL-I.0/12.0

REY'T4004"DIA/(AREA-×MU)

IF(REY.EQ.0.0)REY_64.

IF(REY.LT.2000.)FFACT.64./REY

IF(REY.GT.2000.}FFACT.0.032

CALL GPIPE(RHO'AREA,XL, DIA, FFACT, T304,T305,T4004,G404)

TEMP-2460.

DIA-0.50/12.

AREA'(3.14159_DIA*t2)/4.

PAVG'AMAXI(T305,T306)

CALL DIDEGI{PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,×MU)

XL-I.0/12.0

REY'T4OO5"DIA/(AREA-XMU)

IF(REY.EQ.0.0)REY.64.

IF(REY.LT.2000.)FFACT.64./REY

!F(REY.GT.2000.)FFACT.0.032

CALL GPIPEIRHO'AREA, XL, DIA, FFACT, T3C5,T306, T40OS,G405)

GO TO 40

PAVG=AMAXIITI01,T201)

CALL DIDEGI(PAVG, AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA=(3.14159"(0.5�12.)..2)/4.0
GK=1.329

CALL NRIFIC(RHO'AREA, RGAS, TEMP,TZ01,T20!,GK, TI001,GI01)

PAVG_AMAXI(TI06, T206)

CALL DIDEGI(PAVG, AI,RHO)

RGAS'I545./18.

TEMP-2460.

AREA=(3.14159"(0.5/12.).,2)/4.0

CALL NRIFIC(RHO, AREA, RGAS,TEMP,TI06,T206, GK,TIO06,G!06)

PAVG=AMAXI(T201,T301)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREA_(3.14159"(0.5/12.)..2) /4.0

CALL NRIFIC(RHO,AREA, RGAS, TEMP,T201,T30!,GH, T2001,G201)

PAVG'AMAXI(T206, T306)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP=2460.

AREA'(3.14159"(0.5/12.1..2)/4.0

CALL NRIFIC(RHO,AREA, RGAS, TEMP,T206,T306,GE,T2006,G206)

PIPE FLOW CONDUCTORS

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159"DIA--2)/4.

PAVG=AMAXIIT3OI,T302)

CALL DIDEGI(PAVG, AI,RHO)
RHO301-RHO

VEL3OIzT4001/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)
XL=I.O/12.0
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REY-T4001_DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY'64.

IF(REY.LT.2000.)FFACT'64./REY

IF(REY.GT.2000.)FFACT'0.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT,T301,T302,T400i,G401)

TEMP-2460.

DIA-0.50/12.

AREA-(3.14159"DIA*t2)/4.

PAVG-AMAXI(T302,T303)

CALL DIDEGI(PAVG,A1,RHO)

RHO302-RHO

VEL302-T4002/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/12.0

REY-T4OO2"DIA/(AREA*XMU]

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT"0.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT, T302,T303,T4002,G402)

TEMP-2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PAVG-AMAXI(T303,T304)

CALL DIDEGI(PAVG,AI,RHO)

RHO303-RHO

VEL303=T4003/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XLII.0/12.0

REY-T4003"DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY'64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT-0.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT,T303,T304,T4003,G403)

TEMP=2460.

DIA=0.50/12.

AREA-(3.14159*DIA''2)/4.

PAVG=AMAXI(T304,T305)

CALL DIDEGI(PAVG,AI,RHO)

RHO304=RHO

VEL304-T4004/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY-T4004"DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT=64./REY

IF{REY.GT.2000.)FFACT=O.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT, T304,T305,T40C4,G4O4)

TEMP=2460.

DIA-0.50/12.

AREA-(3.14159"OIA*'2)/4.

PAVGIAMAXI(T305,T306)

CALL DIDEGI(PAVG, AI,RHO)

RHO305=RHO

VEL305=T4OO5/RHO/AREA

RHO306-RHO

VEL306-T4OO5/RHO/AREA

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

REY-T4OO5"DIA/(AREA'×MU)

IF(REY.EQ.O.OIREY=64.
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M

M
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M

M
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IF(REY.LT.2000.)FFACT=64./REY

!F(REY.GT.2000.)FFACT=C.032

CALL NGPIPE(RHO,AREA, XL, DIA,FFACT, T305,T3C6,T4005,G4O5)

GO TO 40

PAVG=(TI01)

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP = 2460.

AREA=(3.14159*(0.5/12.)**2)/4.0

GK=I .329

CALL NRIFIC(RHO,AREA, RGAS,TEMP,TI01,T2OI,GK, TIOOI,GI01)

PAVG=T206

CALL DIDEGI(PAVG, AI,RHO)

RGAS-1545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)*'2)�4.0

CALL NRIFIC(RHO, AREA, RGAS,TEMP,TI06,T206,GK, TI006,GI06)

PSTAT=T301-RHO301*VEL301"VEL301/(2.0*32.2*I44.)

PAVG=(T201)

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)''2)/4.0

CALL NRIFIC(RHO,AREA, RGAS, TEMP,T201,T3OI,GK, T2001,G201)

PSTAT=T306-RHO306"VEL206"VEL306/ (2.0"32.2.i44.)

PAVG=(PSTAT)

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(PSTAT,AI,RHO306)

VEL306-T4005/RHO306/AREA

RGAS=I545./18.

TEMP=2460.

AREA=(3.14159"(0.5/12.)''2)�4.3

CALL NRIFIC(RHO,AREA, RGAS,TEMP,T206,T306, GK, T2OO6,G206)

PIPE FLOW CONDUCTORS

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159"DIA'*2)/4.

PSTATI=T30I-RHO30!'VEL301*VEL301/{2.0"32.2*I44._

PSTAT2=T302-RHO302"VEL302"VEL302/(2.9"32.2*I44.)

PAVG=(PSTATi)

CALL DIDEGI(PSTATI,AI,RHO301)

VEL3OI=T4001/RHO3OI/AREA

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL=I.0/12.0

REY=T4001"DIA/(AREA_XMU)

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

[F(REY.GT.2000.)FFACT=0.032

CALL NGPIPE(RHO, AREA,XL, DIA,FFACT,T3OI,T302,T4C01,G401)

TEMP=2460.

DIA=0.50/12.

AREA=(3.14159"DIA''2)/4.

PSTAT2=T303-RHO303"VEL303"VEL303/ (2.9"32.2"144.)

PSTATI=T302-RHO302"VEL302"VEL302/ (2.0"32.2"!44.)

PAVG=(PSTATI)
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CALL DIDEGI(PSTATI,AI,RHO302)

VEL302-T4OO2/RHO302/AREA

CALL DIDEGI(PAVG, AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/12.0

REY-T4002"DIA/(AREA'XMU)

IF(REY.EQ.0.0)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT-0.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT,T302,T303,T4002,G402)

TEMP-2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PSTATI'T303-RHO303"VEL303"VEL303/(2.0*32.2-144.)

PSTAT2-T304-RHO304"VEL304*VEL304/(2.0-32.2-144.)

PAVG-(PSTATI)

CALL DIDEGI(PSTATI,AI,RHO303)

VEL303-T4003/RHO303/AREA

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.O/12.0

REY-T4003*DIA/(AREA'XMU)

IF(REY.EQ.0.O)REY-64.

IF(REY.LT.2000.)FFACT-64./REY

IF(REY.GT.2000.)FFACT-0.032

CALL NGPIPE(RHO, AREA, XL, DIA,FFACT,T303,T304,T4003,G403)

TEMP=2460.

DIA-0.50/12.

AREA-(3.14159"DIA''2)/4.

PSTAT2-T305-RHO305*VEL305"VEL305/(2.0-32.2-144.)

PSTATI'T304-RHO304"VEL304"VEL304/(2.0-32.2-144.)

PAVG-(PSTATI)

CALL DIDEGI(PAVG,AI,RHO304)

VEL304-T4004/RHO304/AREA

CALL DIDEGI(PSTATI,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/12.0

REY=T4004"DIA/(AREA'XMU)

IF(REY.EQ.O.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.2000.)FFACT=O.032

CALL NGPIPE(RHO,AREA, XL, DIA, FFACT,T304,T305,T4004,G404)

TEMP=2460.

DIAl0.50/12.

AREA=(3.14159"DIA''2)/4.

PSTATI'T305-RHO305"VEL305"VEL305/(2.0-32.2-144.)

PSTAT2-T306-RHO306"VEL306"VEL306/(2.0,32.2,144.)

PAVG=(PSTATI)

CALL DIDEGI(PSTATI,AI,RHO305)

VEL3051T4005/RHO305/AREA

CALL DIDEGI(PAVG,AI,RHO)

CALL DIDEGI(TEMP,A2,XMU)

XL-I.0/12.0

REY=T4005"DIA/(AREA-XMU)

IF(REY.EQ.0.0)REY=64.

IF(REY.LT.2000.)FFACT=64./REY

IF(REY.GT.200O.)FFACT=0.032

CALL NGPIPE(RHO,AREA,XL, DIA, FFACT, T305,T306, T4OO5,G405)

MDOTS
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CALL XMDOT(TI01,T201,GI01,TIO01)

CALL XMDOT(TI06, T206,GI06,TI006)

CALL XMDOT(T201,T301,G201,T2001)

CALL XMDOT(T206, T306,G206,T2006)

CALL XMDOT(T3OI,T302,G401,T4001)

CALL XMDOT(T302,T303,G402,T4002)

CALL ×MDOT(T303,T304,G403,T4003)

CALL XMDOT(T304,T305,G404,T4004)

CALL XMDOT(T305,T306, G405,T4005)

CONTINUE

RETURN

END

SUBROUTINE XMDOT(PUP,PDN,GCOND, XM)

XM=GCOND*ABS(PUP-PDN)

RETURN

END

SUBROUTINE ORIFIC(RHO,AREA,RGAS,TEMP,PUP,PDN,GK, XM,GCOND)

IF{PUP.EQ.PDN)GO TO 2

GCOND-0o6"AREA"SQRT(2.'32.2*I44.'RHO)/SQRT[ABS(PUP-PDN))

RETURN

GCOND=O.O

RETURN

END

SUBROUTINE GPIPE(RHO,AREA, XL, DIA, FFACT, PUP,PDN, XM, GCOND)

IF(PUP.EQ.PDN)GO TO 2

GCOND=SQRT(RHO'3.14159"'2"DIA''5"I44.'32.2/{8."FFACT*XL))

GCOND=GCOND/SQRT(ABS(PUP-PDN))

RETURN

GCOND=0.0

RETURN

END

SUBROUTINE NRIFIC(RHO,AREA,RGAS,TEMP PUP,PDN,GK, XM, GCOND)

IF(PUP.EQ.PDN)GO TO 2

PUPI=PUP

PDNI=PDN

PSI=PUP

PS2=PDN

IF(PUP.GT.PDN)GO TO 1

PUPI=PS2

PONI=PSI

CONTINUE

GK=1.329

PRATIO=(2.0/(GK+i.0))''{GK/(GK-I.0))

PCRIT=PUPI'PRATIO

BETA=0.0

Y=!.-(O.41_0.35*BETA'"4)'IPUPI-PCRIT) (GK*PUPI)
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GMAX.0.6_AREA'SQRT(2.'32.2"I44.'RHO)

GMAX=GMAX'Y'SQRT(PUPI-PCRIT)

GMAX-GMAX/(PUPI-PDNI)

y.I.-(0.41+0.35"BETA'*4)'(PUP1-PDNI)/(GK_PUPI)

GCOND-0.6tAREA'SQRT(2.'32.2"I44.'RHO)

GCOND-GCOND*Y/SQRT(PUPI-PDNI)

IF(PDNI/PUPI.LT.PRATIO)GCOND-AMINI(GMAX,GCOND)

RETURN

GCOND'0.O

RETURN

END

SUBROUTINE NGPIPE(RHO,AREA, XL, DIA,FFACT, PUP,PDN,XM,GCOND)

IF(PUP.EQ.PDN)GO TO 2

PUPI=PUP

PDNI-PDN

PSI-PUP

PS2-PDN

IF(PUP.GT.PDN)GO TO 1

PUPI=PS2

PDNI-PSI

CONTINUE

GCONDI(144.'RHO'32.2"AREA''2)

GCOND-GCOND/((FFACT'XL/DIA)+2.'ALOG(PUPI/PDNI))

GCOND-SQRT(GCOND)

GCOND-GCOND*SQRT((PUP_PDN)/(PUPI*ABS(PUP-PDN)))

RETURN

GCOND=0.0

RETURN

END

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

C CALC MDOTS

C

M CALL

M CALL

C

M CALL

M CALL

C

M CALL

H CALL

M CALL

M CALL

M CALL

C

XMDOT(TIOI,T201,GI01,TI001)

XMDOT(TIO6, T206,GIO6,TI006)

XMDOT(T201,T30!,G2Oi,T2001)

XMDOT(T206,T306, G206,T2006)

XMDOT(T301,T302,G4OI,T4001)

XMDOT(T302,T303,G402,T4002)

XMDOT(T303,T304,G403,T4003)

XMDOT(T304,T305,G404,T4004)

XMDOT(T305,T306, G405,T4005)

5-1-56



C FOUR

C

F

F

F

F

F

F

F

F

F

F

F 9

F S

F $

F $

F $
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C FOUR

F

F lOO

F

F

F 5

F

F i0

F iCl

F

F

F

E

F15

CF

C

C

COLUMN OUTPUT ROUTINE, STNDRD

J=LNODE+NCSGMN

II'NX(J)

IF(J.LE.LNODE)II=0

J-LNODE+NDTMPC

I2"NX(J)

IF(J.LE.LNODE)I2=0

J'LNODE+NARLXC

I3-NX(J)

IF(J.LE.LNODE)I3-0

WRITE(3,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC,I3,ARLXCC, ITEST, LOOPCT

FORMAT{/,IIH "_''''_'''/6H T!ME=FI2.5,8X,8H DTIMEU=IPEI2.5,

8H CSGMIN(I6,2H)=!PEI2.5,/,18X, SH TEMPCC(I6,2H)=IPEI2.5,

8H RELXCC(I6,2H)=IPEI2.5,/,

18X, SH ITEST =I6,/,

18X, SH LOOPCT=I6)

COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (3, i00)

FORMAT (IH )

J=l

L=4

IF(L.LT.NNT)GO TO i0

L'NNT

WRITE(3,101) (HT,NX(I+LNODE),T(I),I = J,L)

FORMAT(4(IX,AI, I6, IH =,F12.5, IX) )

IF{L.EQ.NNT)GO TO 15

J'L+I

L=L*4

GO TO 5

CONTINUE

END

RETURN

END

BCD 2END OF DATA

IX. Presentation and Discussion of Results:

A. Presentation of Results:

Results obtained from SINDA are given on the following pages. Nodal pressures
and mass flowrates are printed in psia and lb/sec, respectively. Figure 10 shows
the steady state nodal pressures and mass flowrates through the 1-D resistance fluid
network using linearized incompressible flow equations.
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Figure 10. Steady State Nodal Pressures and Mass Flowrates for 1-D Resistance Fluid
Network Using Linearized Compressible Flow Equations

XIII. Closing Comments:

Note that the flow conditions are choked at the downstream exit to atmospheric pressure,

controlling the system flow rate. Other system pressures adjust to accommodate this flow.

By evaluating the results of successive solutions given in this example, the user can
evaluate the errors in the pressure field and flow rate calculations for the assumptions of
incompressible flow, and the errors incurred by failing to account for dynamic and static
pressures in property determination. These differences can become significant in many
engineering problems and must always be checked.

SINDA OUTPUT LISTING

TIME=

±-

T 301=

T 305=

T 106-

T 2006-

T 4004=

.00000 DTIMEU= 0.00000E-01 CSGMIN(

TEMPCC( 0)= 0.00C00E-01 RELXCC(

ITEST = 0

LOOPCT= 0

0)= 0.O0000E-01

0)= O.00000E-01

.00000 T 2 = .00000 T 201 = 400.00000 T 206 =

400.00000 T 302- 400.00000 T 303 = 400.00000 T 304-

400.00000 T 306- 400.00000 T 3 = .00000 T i01=

14.70001 T 1001= .00000 T 1006 = 15.83455 T 2001=

.00000 T 4001 = .00000 T 4002= .00000 T 4003=

.00000 T 4005= .00000

400.00000

400.00000

400.00000

.00000

.00000

TIME=

T 1=

T 301=

T 305=

T 106 =

T 2006=

.00000 DTIMEU= 0.00000E-01 CSGMIN(

TEMPCC( 0)= 0.000OOE-0! RELXCC(

ITEST = C

LOOPCT= ill

0)= 0.00000E-01

302)= 7.32422E-04

.00000 T 2 = .20000 T 201= 322.13060 T 206 =

244.26180 T 302= 229.48800 T 303 = 2!4.71490 T 304=

185.17100 T 306 = 170.39990 T 3= .00000 T I01 =

14.70001 T I001= 3.20018 T 1006= 3.19936 T 2001=

3.19939 T 4001= 3.19998 T 4002= 3.19983 T 4003 =

92.54962

199.94260

400.00000

3.20015

3.19967
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- 4004= 3.19951 T 4005= 3.19939

rwww ww_t_ t

TIME= .00000 DTIMEU= 0.00000E-01 CSGMIN(

TEMPCC( 0)= 0.00000E-01 RELXCC(

ITEST - 1

LOOPCT- 0

0)- 0.00000E-01

0)= 0.00000E-01

T i" .00000 T 2- .00000 T 201-

T 301- 244.26180 T 302- 229.48800 T 303=

T 305- 185.17100 T 306- 170.39990 T 3=

T 106- 14.70001 T i001 = .36265 T 1006=

T 2006- .23714 T 4001= .81497 T 4002=

T 4004- ,73719 T 4005 = .70934

322.13060 T 206- 92.54962

214.71490 T 304- 199.94260

.00000 T I01- 400.00000

.17475 T 2001- .32551

.78989 T 4003- .76399

. *t_w,r**r •

TIME= .00000 DTIMEU= 0.00000E-01CSGMIN(

TEMPCC( 0)= 0.00000E-01 RELXCC(

ITEST = 1

LOOPCT= 603

0)- 0.00000E-01

301)--9.15527E-04

T i=

T 301-

T 305=

T 106-

T 2006=

T 4004=

.00000 T 2=

267.52801 T 302=

259.09860 T 306=

14.70001 T i001-

.32004 T 4001 =

.32014 T 4005=

.00000 T 201 = 339.20200 T 206= 16Z_95214

265.44262 T 303 = 263.34430 T 304= 261.23004

256.95050 T 3 = .00000 T I01 = 400.00000

,32044 T 1006- .32004 T 2001= .32045

.32046 T 4002= .32019 T 4003= .32013

.32007

_4

TIME= .00000 DTIMEU= 0.00000E-01 CSGMIN(

TEMPCC( 0) = O.O0000E-01 RELXCC(

ITEST - 2

LOOPCT= 0

T I= ,00000 T 2 = .00000 T 201=

T 301= 267.52801 T 302- 265.44262 T 303 =

T 305= 259.09860 T 306= 256.95050 T 3=

T i06= 14.70001 T I001= .30542 T 1006=

T 2006= .28392 T 4001= .28669 T 4002=

T 4004= .28507 T 4005= .28453

0)= 0.00000E-01

0)= 0.O0000E-01

339.20200 T 206= 162.95214

263.34430 T 304= 261.23004

.00000 T i0!= 400.00000

.19520 T 2001= .29956

.28605 T 4003= .28554

-IME = .00000 9TIMEU = 0.00000E-01CSGMIN(

TEMPCC( g)= 0.00000E-Of RELXCCI

!TEST = 2

LOOPCT= 642

0)= C.00000E-OI

20!I=-9.!5527E-04

T I=

T 301 =

T 305=

T 106=

T 2006-

T 4004=

.00000 T 2 =

300.17053 T 302-

293.97991 T 306 =

14.70001 T i001=

,26898 T 4001=

.26912 T 4005=

.00000 T 201 = 353.71530 T 206= 224.53784

298.63620 T 303= 297.09313 T 304= 295.54060

292.41050 T 3= .00000 T I01= 400.00000

.26961 T 1006= .26898 T 2001 = .26961

.26947 T 4002= .26936 T 4003= .26930

.26898

• :ME= .00000 DTIMEU= 0.O0000E-01 CSGMIN(

TEMPCC( 0) = 0.30000E-01 RELXCC(

!TEST = 3

LOOPCT = 0

0)= 0.00000g-01

0)= O.O0000E-OI

- _-_- .00000 _. 2 = . 00000 _. 201=

301 = 300.17053 T 302= 298.63620 _ 303=

- 305= 293.97991 T 306= 292.41050 - 3=

T 106= 14.70001 T i001= .26961 T 1006=

353.71530 T 206= 224.53784

297.09313 T 304= 295.54060

.00000 T i01= 400.00000

.26898 T 2001= .26961
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T 2006= .25952 T 400!= .26045 " 4t_2= .26027 T 4003= .26012

T 4004= .25986 T 4005= .2596C

TIME=

T I=

T 301-

T 305-

T 106-

T 2006-

T 4004 z

.00000 DTIMEU= 0.00000E-Of CSGMIN(

TEMPCC( 0)= 0.00000E-Of RELXCC(

ITEST - 3

LOOPCT= 276

0)= O.O0000E-OI

301)z 9.76563E-04

.00000 T 2- .00000 T 201- 354.68621 T 206- 222.37792

302.47110 T 302= 300.85880 T 303= 299.23431 T 304- 297.59912

295.95251 T 306= 294.29351 T 3= .00000 T i01- 400.00000

14.70001 T i001= .26698 T 1006= .26639 T 2001- .26697

.26639 T 4001= .26682 T 4002= .26677 T 4003= .26662

.26650 T 4005= .26639

XIV. References:

Streeter, Victor L. and Wylie, Benjamin E.; i_; 7th Edition; Copyright 1979
by McGraw-Hill Book Company; New York

Crane Co.; Flow of Fluids Through Valves. Fittings, and Pipe; Technical Paper No. 410;
Copyright 1976; by Crane Co. - - -

White, Frank M.; 'M_; 2nd Edition; Copyright 1979 by McGraw-Hill Book
Company; New York; pp. 551-554
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CHAPTER 5: N-DIMENSIONAL BRANCHING NETWORKS

SECTION 2: Transient (Isothermal) Pressurization of a 1-D Fluid Network,
Compressible Flow

ANALYSIS CODE: SINDA (Gaski Version)

Following is an extension of the previous examples illustrating transient pressurization, assuming
isothermal conditions and the ideal gas law. The difference in modeling technique involves
derivation of a fluid capacitance, utilization of diffusion nodes in the SINDA network, and use of a
transient solution routine. Analyses of this type will typically require small time steps. Long term
transient results should compare favorably with steady state techniques discussed previously.
The flow areas and hydraulic diameters are assumed to be known, and were not rigorously
developed. The intent is to show programming technique and code versatility.

I. Identification of the Problem

A. Statement of the Problem

Consider again a 1-D fluid network as shown in Figure 1. Assume that at time zero
the two boundary conditions are instantaneously applied. Determine the transient
response of the fluid network.

B. Given:

(1) The tank volumes are 4 cu. ft.
(2) Hydraulic diameter of orifices are 0.5 in.
(3) High pressure boundary is 600.0 psia
(4) Low pressure boundary is 200.0 psia
(5) Initial system pressures are 200 psia

Volume = 4.0 cu.ft.

600 psia 200 psia
Orifice Dia. = 0.5 in.

4 Places

Figure 1. Schematic of One Dimensional Tank Pressurization
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Orifice Orifice
Fow 301 Fow

Orifice 2 • Diffusion Nodes "

P = 600 psia

206

Orifice

Fow

106

P = 200 psia

Figure 2. Resistance-Capacitance (R-C) Network for 1-D Schematic

II.

D. Find:

The transient response of the network fluid pressures and flow
rates.

Formulation of the Problem:

A. Simplifying Assumptions:

(1) Constant, known fluid temperature

B. Initial/Boundary Conditions:

(1) Initial Pressure = 200 psia
(2) Upstream Boundary - 600 psia applied at time = 0 sec.
(3) Downstream Boundary = 200 psia, constant with time

C. Discretization:

The analysis is performed for transient compressible fluid flow. This was
discussed briefly in Chapter 5 Section 1 paragraph II(C). This formulation requires
knowledge of the fluid temperature for calculation of fluid capacitance. In this
example temperature is known and assumed to be constant. In many real
engineering problems fluid temperature will be a function of both heat transfer and
thermodynamics. Solution of problems of this type require a coupled thermal
network and definition of any appropriate thermodynamic functions. See details

given in the following section for coupled networks (with incompressible flow).
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III.

The fluid network is modeled using three diffusion nodes and two boundary nodes,

as shown in Figure 2. Capacitances (V/RT) are calculated in the EXECUTION and
VARIABLE's blocks prior to each time step. This is done to illustrate the required

procedure for temperature varying problems (since temperature does not vary here,
the calculation could be performed only once). Note, if large temperature changes
occur, the formulation of equations used here is inappropriate. The error which can
be incmred is a violation of mass conservation. If temperature changes are small
this is insignificant. Conductors are also calculated prior to each time step. This is
required because fluid density is a function of pressure, which changes with time.

Analysis:

A. The Input Deck:

This section is included to explain how the information in the statement of the
problem is conveyed to SINDA, and to show the corresponding flow chart (see
Figure 3). The input deck shown in the following is a "Gaski" SINDA deck.

Execution Block

- SNFRDL Controls Transient Solution

Variables 1 Block

- linearize flow conductors

- calculate flow rotes

Increment Time

Figure 3. Solution Technique in SINDA
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SINDA INPUT LISTING

BCD 3THERMAL LPCS

BCD 9COPMRESSIBLE FLOW, ID NETWORK

END

BCD 3NODE DATA

I, 0.0, 1.0

2, 0.0, 1.0

-3, 0.0, 1.0

-101,600.0,i.0 $ PRES BOUNDARY

-106,200.0,1.0 $ PRES BOUNDARY

201, 200.0, io0 $ PILES AT FIRST CAVITY

206, 200.0, 1.0 $ PILES AT FIRST CAVITY

301, 200.0, 1.0 $ PRES AT SECOND CAVITY

C

C FLOW RATE STORAGE LOCATION

C

-1001, 0.0, 1.0

-1006, 0.0, 1.0

C

C

-2001, 0.0, 1.0

-2006, 0.0, 1.0

-4001, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

I, i, 2, 1.0

2, 2, 3, 1.0

i01, I01, 201, 0.0

106, 106, 206, 0.0

201, 201, 301, 0.0

206, 206, 301, 0.0

C

C FLOW RATE STORAGE LOCATION

C

i001, i01, I01, 0.0

1006, 106, 106, 0.0

C

2001, 201, 201, 0.0

2006, 206, 206, 0.0

C

C

4001, 301, 301, 0.0

C

END

C

BCD 3CONSTANTS DATA
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C

C

C

CALC

5O

DTIMEI, 1 .E-6

DTIMEH, 1 .E-6

NLOOP, i000

T IMEND, 0 .0

OUTPUT, i0 .E-6

ARLXCA, .001

DRLXCA, .001

BALENG, .001

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

N-DIM, 1000

ITEST, 0

END

BCD

END

3ARRAY DATA

1 $ PRES VS RHO

60.0, 0.0410

80.0, 0.0546

100.0, 0.0683

120.0, 0.0819

140.0, 0.0956

160.0, 0.1093

180 0, 0.1229

200 0, 0.1366

225 0, 0.1537

250 0, 0.1708

275 0, 0.1879

300 0, 0.2042

400 0, 0.2734

500 0, 0.3418

600 0, 0.4102

END

(H20) AT 2460 DEG R

BCD 3EXECUTION

OPEN (3, FILE="NEWTANKIDA. PLT", STATUS="UNKNOWN" )

WRITE (3, 2) NNT, (NX (LNODE+I) ,I=l, NNT)

FORMAT(I6/,50(I6,31X, I6,/))

TIMEOz0.0

DTIMEI=I.E-2

DTIMEH=I.E-2

OUTPUT-0.1

TIMEND120.00

CALL SNFRDL

END

BCD 3VARIABLES 1

ORIFICE FLOW CONDUCTORS

PAVG=(TI01+T201)/2.0
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M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

C

C

C

M

M

C

M

M

C

F

C

F

F

C

F

C

F

F

F

C

C

F

C

F

C

F

F

CALC

40

i00

CALL DIDEGI(PAVG, A1,RHO)

RGAS'I545 ./ 18 .

TEMP" 2460.

AREA" (3. 14159* (0.5/12.) **2)/4.0

GK'I. 329

CALL IRIFIC(RHO,AREA, RGAS,TEMP,TI01,T201,GK, GI001,GI01)

PAVG" (T106+T206) /2.0

CALL DIDEGI (PAVG, AI, RHO)

RGAS'I545. / 18.

TEMP"2460.

AREA" (3. 14159* (0.5/12.) **2) /4.0

CALL IRIFIC (RHO, AREA, RGAS, TEMP, TI06, T206, GK, GI006, G106)

PAVG" (T201+T301) /2 .0

CALL DIDEGI (PAVG, A1, RHO)

RGAS"I545 ./18 .

TEMP"2460.

AREA =(3.14159.(0.5/12.)*.2) /4.0

CALL IRIFIC(RHO,AREA, RGAS,TEMP,T201,T301,GK,G2001,G201)

PAVG" (T206+T301) /2.0

CALL DIDEGI(PAVG, AI,RHO)

RGASII545 ./ 18 .

TEMP"2460.

AREA" (3. 14159"(0.5/12.)*'2) /4.0

CALL IRIFIC(RHO,AREA, RGAS,TEMP,T206,T301,GK,G2006,G206)

C201-144. *4.0/ (TEMP*RGAS)

C206"144. *4.0/ (TEMP*RGAS)

C301-144. *4.0/ (TEMP*RGAS)

MDOTS

CALL XMDOT(TI01,T201,GI01,GI001)

CALL XMDOT(TI06,T206,GI06,GI006)

CALL XMDOT(T20!,T301,G201,G2001)

CALL XMDOT (T206, T30 i, G206, G2006)

CONTINUE

RETURN

END

SUBROUTINE XMDOT (PUP, PDN, GCOND, XM)

XM_GCOND*ABS (PUP-PDN)

RETURN

END

SUBROUTINE IRIFIC(RHO,AREA, RGAS,TEMP,PUP,PDN,GK,XM, GCOND)

IF(PUP.EQ.PDN)GO TO 2

PUPI=PUP

PDNI_PDN
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C

F

F

F

F

F

F 1

C

F

C

F

F

F

C

F

F

F

F

C

F

F

F

C

F

C

F

F 2

C

CF

CF

_._i C

C

C

F

C

C

C

M

M

C

M

M

C

C

C

F

F

C

C

C

F

M

C

P S 1"PUP

PS2sPDN

IF(PUP.GT.PDN)GO TO 1

PUPI-PS2

PDNI"PSI

CONTINUE

GK-I. 32 9

PRATIO" (2.0/ (GK+I. 0) ) ** (GK/ (GK-I. 0) )

PCRIT"PUP 1 *P RAT IO

BETA"0.0

Y"I .- (0.41+0.35 *BETA**4) * (PUPI-PCRIT) / (GK*PUPI)

GMAX"0 .6*AREA*SQRT (2 .*32.2"144 .*RHO)

GMAXsGMAX* Y * SQRT (PUP 1-PCRIT )

GMAX"GMAX / (PUP 1-PDNI )

Yml .- (0 .41+0 .35*BETA**4) * (PUPI-PDNI) / (GK*PUPI)

GCONDI0 .6*AREA*SQRT (2 .*32 .2"144 .*RHO)

GCONDmGCOND*Y/SQRT (PUP I-PDNI )

IF (PDNI/PUPI. LT. PRATIO) GCOND=AMINI (GMAX, GCOND)

RETURN

GCOND=0.0

RETURN

END

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

CALC MDOTS

40 CALL XMDT (TI01, T201, GI01, TI001)

CALL XMDT(TI06,T206,GI06,TI006)

CALL XMDT (T201, T301, G201, T2001)

CALL XMDT (T206, T301, G206, T2006)

GENERATE PLOT FILE

WRITE (3, I) TIMEN, (T (I) , I--l, NNT)

1 FORMAT (El0.3, /, 7F12.3, /, 7F12.3, /, 7F12 .3)

RETURN IF TIME INCREMENT NOT SATISFIED

TIMCHK=TIMEO* 1 .001

IF (AMOD (TIMCHK, 1.0) .GT. 0 .08) RETURN
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C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

F

C

F

C

FOUR

9

$

$

FOUR

i00

5

!0

i0!

15

COLUMN OUTPUT ROUTINE, STNDRD

J" LNODE +NC SGMN

II'NX (J)

IF (J.LE. LNODE) II_'0

J"LNODE+NDTMP C

I2"NX (J)

IF (J. LE. LNODE) I2"0

J"LNODE+NARLXC

13"NX (J)

IF (J.LE.LNODE) I3"0

WRITE (6, 9) TIMEN, DTIMEU, I1, CSGMIN, I2, DTMPCC, I3, ARLXCC

FORMAT (/, IIH "*********/6H TIME--FI2.5,8X, 8H DTIMEU"IPEI2.5,

8H CSGMIN(I6,2H)_'IPEI2.5,/,18X,8H TEMPCC(I6,2H)..IPE12.5,

8H RELXCC (I6,2H) _'IPEI2 .5)

COLUMN OUTPUT ROUTINE, TPKNTX

WRITE (6, i00)

FORMAT (IH)

J'l

L*'4

IF(L.LT.NNT)GO TO I0

L"NNT

WRITE(6,101) (HT,NX(I+LNODE),T(I),I = J,L)

FORMAT (4(IX,A1, I6,1H--,FI2.5,1X) )

IF(L.EQ.NNT)GO TO 15

J-L+1

L-L+4

GO TO 5

CONT INUE

RETURN

END

SUBROUTINE XMDT(PUP,PDN, GCOND,XM)

XM=GCOND *ABS (PUP-PDN)

RETURN

END

BCD 3END OF DATA

As discussed previously the input deck is comprised of nine major blocks. These
include the TITLE block, the NODE DATA block, the CONDUCTOR DATA
block, the ARRAY DATA block, the EXECUTION block, the VARIABLES 1
block, the VARIABLES 2 block, and the OUTPUT CALLS block. The blocks are

similar to those presented earlier, with the exception of diffusion nodes replacing
arithmetic nodes in the fluid network, and the use of a transient solution routine.

Again, the EXECUTION block contains information which directly controls
program execution. The solution scheme is identified in this block. The SNFRDL

explicit forward differencing transient solution routine is used. As you can see in

the flow chart, the solution procedure here differs from the three step convergence
technique used in previous examples. The solution uses linearized conductor
values calculated each time step, similar to the techniques described earlier. The

5-2-8



solution then marches through time predicting the pressure field and the distribution
of flow.

The VARIABLES blocks are similar to those described earlier. Note that the

calculation procedure now forces use of non-linear compressible equations for the
transient solution. Convergence to specified criteria (ARLXCA, DRLXCA) should
be guaranteed by the forward differencing scheme.

The OUTPUT CALLS block is similar to that used previously. Note that because
transient pressures and temperatures are of interest, an additional plot file is defined
in the EXECUTION block. The OUTPUT CALLS block then writes to this fide at

each output interval for post run plotting.

IV. Presentation and Discussion of Results:

V°

A. Presentation of Results:

Results obtained from SINDA are presented on the following pages. Figure 4
shows the transient plot of node pressures versus time. Figure 5 shows the
transient distribution of flow rates. Note that both the long term transient pressures
and flow rates converge to constant values. Because networks of this type
sometimes have low flow resistance (high stiffness), inaccuracies can occur,
especially in steady state solutions. When this occurs, solution on a 64 bit machine
is recommended.

Closing Comments:

The analogies utilized for this example are quite useful as learning tools for
inexperienced code users. Because flow rate, mass (gas) storage, and pressure are
easily understood and observed, the analyst can easily relate to the analytical model
and results. Additionally, the analyst can understand better the more abstract
variables such as thermal capacitance, energy storage, and heat rate which are used
in thermal networks.

The user is again cautioned against using these analytical techniques where
thermodynamic processes cause large fluid temperature changes. At best these
techniques give rough order of magnitude results for non-isothermal processes.
The dynamics and thermodynamics of compressible fluid flow is quite complex and
must be addressed with appropriate physical laws for given phenomena.
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Figure 5. Transient Flow Rates

TRANSIENT OUTPUT

(C) COPYRIGHT 1982,1983,1984,1985,1986,!987 J.D.GASKI SENDA/198?IANSI 1.31 NETWORK

ANALYSIS ASSOCIATES, INC. - PAGE 1

COPMRESSIBLE FLOW, ID NETWORK

*'' NOTE "'" SNFRDL REQUIRES 18 DYNAMIC STORAGE LOCATIONS OUT OF 974 AVAILABLE "'"

TIMEND= 20.000 , CSCFAC= 1.0000 DTIMEI= 0.10000E-01, NLOOP =

i000

TIMEO = .00000 , OUTPUT= .13000 , DTIMEH= 0.10000E-01, DTIMEL= .00000

ARLXCA= 0.10000E-02 ATMPCA= 0.10000E_09, ORLXCA= 0.10000E-02, DTMPCA=

_.< i0000E*09

TIME= •00000 DTIMEU= 0.00000E-C1 CSGMIN(

TEMPCC( 0)= 0.00000E-01 RELXCC{

0)= 0.00000E-01

0)= 0.00000E-01

T I= .00000 T 2= .00000 T 201= 200.00000 T 206= 200.00000

T 301= 200.00000 T 3= .30000 T I01= 600.00000 T 106 = 200.00000

T !001= .58703 T i006= .00000 T 2001= .00000 T 2006= .00000

T 400! = .00000

"WARN" GSUM IS ZERO, ACT NODE

"WARN" GSUM IS ZERO, ACT NODE

206 IS UNCONNECTED AT TIME .00000

301 IS UNCONNECTED AT TIME .00000

TIME= 1.00000 DT!MEU= 5.00000E-03 CSGM!N( 206) = 2.06964E-01

TEMPCC( 201)= 5.57500E-01 RELXCC( O) = 0.00000E-Of
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T I= .00000 T 2-

T 301 = 244.72880 T 3=

T i001- .62111 T 1006-

T 4001- .00000

.00000 - 201 = 343.21970 T 206- 214.15950

.00OOg T 101 = 600.00000 T i06= 200.00000

.10962 T 2001- .31920 T 2006- .16625

Ttwtt_

TIME* 2.00000

TEMPCC(

DTIMEU _ 5.00000E-03 CSGMIN(

201)" 2.96465E-01 RELXCC(

T 1 _ .00000 T 2"

T 301" 301.34851 T 3"

T i001" .55955 T 1006=

T 4001- .00000

.00000 T 201 =

.00000 T i01"

.17947 T 2001-

206)= 3.14306E-01

0)= 0.00000E-01

426.16241 T 206- 238.24322

600.00000 T 106- 200.00000

.39884 T 2006" .25156

TIME- 3.00000

TEMPCC(

DTIMEU- 5.00000E-03 CSGMIN(

301)= 2.09764E-0! RELXCC(

201)- 3.68760E-01

0)- 0.00000E-OI

T I=

T 301"

1001-

T 4001 _

.00000 T 2=

349.76700 T 3 z

.50659 T 1006=

.00000

.00000 T 201- 469.96972 T 206-

.00000 T I01= 600.00000 T 106-

.23449 T 2001 = .42090 T 2006-

265.14813

200.00000

.30692

TIME- 4.00000

TEMPCC(

DTIMEU = 5.00000E-03 CSGMIN(

301)- !.46258E-01 RELXCC(

T I= .00000 T 2=

T 301- 385.15222 T 3=

T I001 = .46877 T 1006 =

T 4001= .00000

201)- 3,29527E-01

0)= 0.00000E-Of

.00000 T 201= 493.98443 T 206= 290.29492

.00000 T _01 = 600.00000 T 106- 200.00000

.27715 T 2001 = .41972 T 2006 = .34025

TIME _ 5.00002

TEMPCC(

DTIMEU _ 5.00000E-03 CSGMIN(

301)= 9.87230E-02 RELXCC(

201)* 3.03416E-01

0)= 0.00000E-01

T I=

T 301 =

T !001 =

T 4001 =

.00000 T 2-

409.36334 T 3-

.44247 T 1006 =

.00000

.00000 T 201 = 508.21790 T 206 = 311.09130

.00000 T I01 = 600.00000 T 106 = 200.00000

.30887 T 2001 = .41221 T 2006= .35855

_ME 6 00005

TEMPCC(

DTIMEU = 5.00000E-J3 CSGMIN(

206)= 6.77323E-02 RELXCC(

T 1 _ .00000 T 2 =

T 301 = 425.65673 T 3 =

T I001 _ .42404 T 1006=

T 4001 = .00000

201)= 2.85957E-01

0)= 0.00000E-01

.00000 T 201 = 517.20760 T 206= 326.95532

.00000 T i01 = 600.00000 T 106 = 200.00000

.33160 T 2001 = .40447 T 2006= .36838

TIME= 7. 00007

TEMPCC(

DTIMEU = 5.00000E-03 CSGMIN(

206)= 4.83451E-02 RELXCC(

201)= 2.74171E-01

0) = 0.00000E-01

T I=

T 301 =

T I001 =

T 4001=

.00000 T 2=

436.63024 T 3 =

.41108 T 1006 =

.00000

.00000 T 201= 523.09420 T 206-

.00000 T i01= 600.00000 T 106 =

.34751 T 2001 = .39811 T 2006 =

338.47973

200.00000

.37375

TIME =

T _-

8.00009

TEMPCC(

.00000 T

DTIMEU = 5.00000E-03 CSGMIN(

206)= 3.37884E-02 RELXCC(

2 =

2011= 2.66166E-01

01= C.00000E-01

.00000 T 201 = 527.02030 T 206* 346.61660
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T 301= 444.04730 T 3=

T I001= .40202 T 1006=

T 4001- .00000

.$C0O0 " 101= 600.00000 T 106= 200.00000

.35849 T 2001= .39332 T 2006= .37683

TIME- 9.00012

TEMPCC(

DTIMEU= 5.00000E-03 CSGMIN

206)= 2.33768E-02 RELXCC

201)= 2.60718E-01

0)= 0.00000E-01

T i= .00000 T 2=

T 301- 449.07190 T 3-

T I001- .39571 T 1006-

T 4001= .00000

.00000 T 201- 529.66241 T 206= 352.27030

.00000 T I01= 600.00000 T I06= 200.00000

.36597 T 2001= .38984 T 2006- .37865

TIME= 10.00014

TEMPCC{

DTIMEU= 5.00000E-03 CSGMIN

206)= 1.60717E-02 RELXCC

201)- 2.57003E-01

0)- 0.00000E-01

T i= .00000 T 2=

T 301= 452.48450 T 3 =

T I001= .39134 T 1006=

T 4001= .00000

.00000 T 201=

°00000 T I01=

,37104 T 200i=

531.44860 T 206= 356.17132

600.00000 T 106 = 200.00000

.38737 T 2006= .37976

TIME= 11.00016

TEMPCC(

DTIMEU= 5.00000E-03 CSGMIN(

206)= I.I0010E-02 RELXCC{

201)= 2.54470E-01

0] = 0.00000E-01

T I=

? 301=

7 I_$i=

T 4001=

.00000 T 2 =

454.80430 T 3=

.38834 T 1006=

.00000

.00000 T 201= 532.66010 T 206= 358.84720

.00000 T 131= 600.00000 T 196= 200.30000

.37450 T 2001= .38564 T 2006= .38047

TIME- 12.00018

TEMPCC(

DTIMEU= 5.00000E-03 CSGMIN(

206)= 7.51089E-03 RELXCC(

201)= 2.52744E-01

0)= O.O0000E-OI

T i=

T 301=

T I001=

T 4001=

.00000 T 2=

456.38092 T 3=

.38627 T 1006=

.00000

.00000 T 20!=

.0000C T 10i=

.37685 T 200!=

533,48260 T 206= 360.67584

600.00000 T 106= 200,00000

.38444 T 2006= .38093

TIME= 13.00021

TEMPCC{

DTIMEU= 5.00000E-03 CSGMIN(

206)= 5.!1609E-03 RELXCCI

201)= 2.51570E-01

0]= 0.00000E-01

T i=

T 301=

T i001=

T 4001=

.00000 T 2=

457.45230 T 3=

.38486 T 1006=

.00000

.00000 T 201= 534.04113 T 206= 361o92360

.00000 T i01= 600.00000 T 106= 200.00000

.37845 T 2001= .38361 T 2006= .38123

TIME= 14.00023

TEMPCC(

DTIMEU= 5.00000E-03 CSGMIN(

206)= 3.48254E-03 RELXCC(

201) = 2.50771E-01

0) = 0.00000E-01

T I=

T 301=

T 1001=

T 4001=

.00000 T 2=

458.18040 T 3 =

.38389 T 1006=

.00000

.00000 T 201= 534.42053 T 206 = 362.77294

.00000 T I01= 600.00000 T !06= 200.00000

.37954 T 200!= .38305 T 2006= .38143

TIME= 15.00025

TEMPCC(

DTIMEU= 5.00000E-03 CSGMIN(

206)= 2.36864E-03 RELXCC(

201) = 2,50228E-01

0)= 0.00000E-01

T I= .00000 T

T 301= 458.67480 T

2= .00000 T 201= 534.67820 T 206= 363.35083

3= .00000 T i01= 600.00000 T 106= 200.00000
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i001" .38324 T 1006 = .38028 T 2001 = .38266 T 2006- .38156

T 4001- .00000

TIME- 16.00027

TEMPCC(

DTIMEU" 5.00000E-03 CSGMIN(

206)" 1.60968E-03 RELXCC(

T i- .00000

T 301" 459.01060

T I001" .38279

T 4001- .00000

T 2" .00000 T 201 =

T 3- .00000 T I01 =

T 1006- .38078 T 2001 =

TIME" 17.00028

TEMPCC(

DTIMEU-

206) =

5.00000E-03 CSGMIN(

1.09441E-03 RELXCC(

T i- .00000

T 301 = 459.23864

T i001- .38249

T 4001= .00000

T 2"

T 3_

T 1006-

.00000 T 201=

.00000 T 1Ol =

.38112 T 2001=

TIME= 18.00028

TEMPCC(

DTIMEU" 5.00000E-03 CSGMIN(

206): 7.42786E-04 RELXCC(

T I" .00000

T 301 = 459.39350

T i001 = .38228

T 4001 = .00000

T 2=

T 3=

T 1006 =

.00000 T 201=

,00000 T i01 =

.38135 T 200!:

TIME _ 19.00029

TEMPCC(

DTIMEU =

206)=

5.00000E-03 CSGMIN(

5.04131E-04 RELXCC(

T != .00000

T 301 = 459.49853

T !001 = .38214

T 4001 = .00000

T 2=

T 3=

T i006=

.00000 T 201=

.00000 T i01 =

.38151 T 2001 =

TIME = 20.00000

TEMPCC(

D_MEU- 4.70924E-03 CSGMIN(

206)= 3.23043E-04 RELXCC{

T 1 _

T 301 =

T i001=

T 4001 =

201): 2. 49859E-01

0)= 0. O0000E-OI

534.85321 T 206= 363.74370

600.00000 T 106- 200.00000

.38240 T 2006- .38165

201)= 2.49608E-01

0)= 0.00000E-01

534.97180 T 206- 364.01062

600.00000 T 106- 200.00000

.38222 T 2006 = .38171

201)= 2.49438E-01

0)= O.00000E-OI

535.05242 T 206- 364.19213

600.00000 T 106 = 200.00000

.38210 T 2006- .38175

201)= 2.49322E-01

0)= 0.00000E-01

535.10730 T 206_ 364.31530

600._0000 T i06= 200.00000

.38202 T 2006 = .38178

201)= 2.49244E-01

0)= 3.00000E-01

.00000 T 2 = .00000 T 201= 535.14430 T 206 = 364.39890

459.57000 T 3= .00000 T i01 = 600.00000 T 106 = 200.00000

.38204 T i006= .38162 T 2001= .38196 T 2006= .38180

.00000

Appendix to Section 2: Further Examples

The following is identical to the previous example except that the boundary and
initial conditions have been changed (high pressure is 400 psia, low pressure 14.7

psia, initial condition 14.7 psia). The results show the transient response. The
change in profile with time is a result of choked flow conditions in the system. As
before, the network converges to a steady state condition.

I. Identification of the Problem:

A. Statement of the Problem:
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II.

III.

C

(same)

B. Given:

(1) The tank volumes are 4 cu. ft.

(2) Hydraulic diameter of orifices are 0.5 in.
(3) High Pressure Boundary is 400 psia
(4) Low Pressure Boundary is 14.7 psia
(5) Initial System Pressure, 14.7 psia

C. Schematic of the 1-D Fluid Network:

(same, with new boundary conditions)

D. Find:

(same)

Formulation of the

A. Simplifying

(same)

Problem:

Assumptions:

B. Initial/Boundary Conditions:

(1) Initial Pressure = 14.7 psia
(2) Upstream Boundary = 400 psia, applied at time -- 0 sec.
(3) Downstream Boundary = 14.7 psia

C. Descretization:

(same)

Analysis:

A. The Input Deck:

(same, with new boundary conditions)

SINDA INPUT LISTING

BCD 3THERMAL LPCS

BCD 9COPMRESSIBLE FLOW, ID NETWORK
END

BCD 3NODE DATA

I, 0.0, 1.0

2, 0.0, 1.0

-3, 0.0, 1.0
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C

-101,400.0,1.0 $ PRES BOUNDARY

-I06,14.7,1.0 $ PKES BOUNDARY

201, 14.7, 1.0 $ PRES AT FIRST CAVITY

206, 14.7, 1.0 $ PRES AT FIRST CAVITY

301, 14.7, 1.0 $ PRES AT SECOND CAVITY

C

C FLOW RATE STORAGE LOCATION

C

-i001, 0.0, 1.0

-1006, 0.0, 1.0

-2001, 0.0, 1.0

-2006, 0.0, 1.0

-4001, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

i, i, 2, 1.0

2, 2, 3, 1.0

i01, i01, 201, 0.0

106, 106, 206, 0.0

C

C

C

C

C

C

C

201, 201, 301, 0.0

206, 206, 301, 0.0

C

C FLOW RATE STORAGE LOCATION

C
I001, 101, I01, 0.0

1006, 106, 106, 0.0

2001, 201, 201, 0.0

2006, 206, 206, 0.0

END

4001, 301, 301, 0.0

BCD 3CONSTANTS DATA

DTIMEI,I.E-6

DTIMEH, I.E-6

NLOOP,1000

TIMEND, 0.0

OUTPUT, 10.E-6

C

C

C

C

C

ARLXCA,.001

DRLXCA,.001

BALENG, .001

TIMEO, 0.0

DAMPA, 0.5
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C

C

C

M

M

M

M

M

M

M

C

M

M

M

M

M

CALC

50

DAMPD, 0.5

NDIM, 1000

ITEST, 0

END

BCD 3ARRAY DATA

1 $ PRES VS RHO

60.0, 0.0410

80.0, 0.0546

I00.0, 0.0683

120.0, 0.0819

140.0, 0.0956

160.0, 0.1093

180.0, 0.1229

200 0, 0.1366

225 0, 0.1537

250 0, 0.1708

275 0, 0.1879

300 0, 0.2042

400 0, 0.2734

500 0, 0.3418

600 0, 0.4102

END

(H20) AT 2460 DEG R

END

BCD 3EXECUTION

OPEN (3, FILE.."NEWTANKIDB. PLT", STATUS=."UNKNOWN" )

WRITE (3,2) NNT, (NX (LNODE+I), I=l, NNT)

FORMAT(I6/,50(I6,31X, I6,/))

TIMEO=0.0

DTIMEI=I.E-2

DTIMEH=I.E-2

OUTPUT=0.1

TIMEND=20.00

CALL SNFRDL

END

BCD 3VARIABLES 1

ORIFICE FLOW CONDUCTORS

PAVGz (TI01+T201) /2.0

CALL DIDEGI(PAVG,AI,RHO)

RGAS=I545 ./18 .

TEMP_. 2460.

AREA= (3.14159"(0.5/12.)*'2)/4.0

GKzl.329

CALL IRIFIC(RHO,AREA, RGA$,TEMP,TI01,T201,GK, GI001,GI01)

PAVG_(TI06+T206)/2.0

CALL DIDEGI(PAVG, AI,RHO)

RGAS-1545./18.

TEMPI2460.

AREA_(3.14159*(0.5/12.)**2)/4.0
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M

C

M

M

M

M

M

M

C

M

M

M

M

M

M

C

M

M

M

C

C CALC

C

M 40

M

C

M

M

C

F I00

C

F

F

C

F

C

F

F

F

C

C

F

C

F

C

F

F

C

F

F

F

F

F

F 1

C

F

C

F

F

CALL IRIFIC(RHO,AREA, RGAS,TEMP,TI06,T206,GK,GI006,G106)

PAVG-(T201+T301)/2.0

CALL DIDEGI(PAVG,AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159*(0.5/12.)**2)/4.0

CALL IRIFIC(RHO,AREA, RGAS,TEMP,T201,T301,GK, G2001,G201)

PAVG..(T206+T301)/2.0

CALL DIDEGI(PAVG, AI,RHO)

RGAS-1545./18.

TEMP-2460.

AREA-(3.14159*(0.5/12.)**2)/4-0

CALL IRIFIC(KHO, AREA, RGAS,TEMP,T206,T301,GK, G2006,G206)

C201"144 .*4 .0/(TEMP*RGAS)

C206-144 .*4 .0/ (TEMP*RGAS)

C301"144. *4.0/ (TEMP*RGAS)

MDOTS

CALL XMDOT (TI01, T201, GI01, GI001

CALL XMDOT (TI06, T206, GI06, GI006

CALL XMDOT(T201,T301,G201,G2001

CALL XMDOT(T206,T301,G206,G2006)

CONT INUE

RETURN

END

SUBROUTINE XMDOT (PUP, PDN, GCOND, XM)

XM=GCOND *ABS (PUP- PDN )

RETURN

END

SUBROUTINE IRIFIC (RHO, AREA, RGAS, TEMP, PUP, PDN, GK, X.M,GCOND)

IF(PUP.EQ.PDN)GO TO 2

PUPIIPUP

PDNIIPDN

PSI=PUP

PS2"PDN

IF(PUP.GT.PDN)GO TO 1

PUPI-PS2

PDNImPSI

CONTINUE

GKzl. 329

PKATIO _,(2.0/ (GK+I. 0) )** (GK/ (GK-I. 0) )

PCRITsPUP 1 *PKAT IO
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C

F

C

C

C

M

C

M

M

C

C

C

F

F

C

C

C

F

M

C

C

C

F

F

F

F

F

F

F

F

F

F

F BETA=0.0

C

F Y-I .- (0 .41+0 .35*BETA**4) * (PUPI-PCRIT) / (GK*PUPI)

F GMAX-,0 .6*AREA*SQRT (2. *32.2"144 .*RHO)

F GMAX-GMAX* Y* S QRT (PUPI-PCRIT)

F GMAX-,GMAX/ (PUP I-PDNI )

C

F Y-I .- (0.41+0 .35*BETA**4) * (PUPI-PDNI) / (GK*PUPI)

F GCOND-0 .6*AREA*SQRT (2 .*32.2"144 .*RHO)

F GCOND--GCOND* Y/SQRT (PUP I-PDNI )

C

F IF (PDNI/PUP 1 .LT. PRATIO) GCOND=AMINI (GMAX, GCOND)
C

F RETURN

F 2 GCOND-0.0

C

CF RETURN

CF END

C

END

C

BCD 3VARIABLES 2

END

C

BCD 3OUTPUT CALLS

DATA HT/4HT /

CALC MDOTS

40 CALL XMDT (TI01, T201, GI01, TI00!)

CALL XMDT (TI06, T206, GI06, TI006)

CALL XMDT (T201, T301, G201, T2001)

CALL XMDT(T206,T301,G206,T2006)

GENERATE PLOT FILE

WRITE (3, i) TIMEN, (T(I) , I=I,NNT)

1 FORMAT (El0.3, /, 7F12.3, /, 7F12.3, /, 7F12.3)

RETURN IF TIME INCREMENT NOT SATISFIED

TIMCHKzTIMEO* 1 .001

IF (AMOD (TIMCHK, 1 .0) .GT. 0 .08) RETURN

FOUR COLUMN OUTPUT ROUTINE, STNDRD

J=LNODE+NCSGMN

I I:.NX (J)

IF (J. LE. LNODE) II=0

J=LNODE+NDTMPC

I2=NX (J)

IF (J. LE. LNODE) I2=0

J=LNODE+NARLXC

I3=NX (J)

IF (J. LE. LNODE) I3=0

WRITE (6, 9) TIMEN, DTIMEU, II, CSGMIN, I2, DTMPCC, I3, ARLXCC
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F

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

F

C

F

C

9 FORMAT(/,IIH ***"******/6H TIME=FI2.5,8X, SH DTIMEU=IPEI2.5,

$ 8H CSGMIN(I6,2H)"IPEI2.5, /,18X,8H TEMPCC(I6,2H)_'IPEI2.5,

$ 8H RELXCC (I6,2H) -IPEI2 •5)

FOUR COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (6, I00)

I00 FORMAT (IH )

J..l

L-4

5 IF(L.LT.NNT)GO TO I0

L--NNT

10 WRITE(6,101) (HT,NX(I+LNODE),T(I),I = J,L)

101 FORMAT (4 (IX, AI, 16, IH=, F12-5, Ix) )

IF(L.EQ.NNT)GO TO 15

J-L+1

L=L+4

GO TO 5

15 CONTINUE

RETURN

END

SUBROUTINE XMDT(PUP,PDN, GCOND,XM)

XM=GCOND*ABS (PUP-PDN)

RETURN

END

BCD 3END OF DATA
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IV.

W ,

VI.

Presentation and Discussion of Results:

A. Presentation of Results:

Results obtained from SINDA am shown on the following pages. Figure 6 shows
the transient response of node pressures. Figure 7 shows the transient distribution
of flow rates. Again the long term transient pressures and flow rates converge to
constant (steady state) values. The transient profile (response) is somewhat
different from the previous example. This is due to the potential for choked flow
conditions in the network. The long term transient (steady state) results show the
flow choked across the final flow restriction, to the downstream boundary
condition. The 1-D system flow rate is controlled at this position in the network,
and other system pressures adjust to accommodate this flow.

Closing Comments:

(none)
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Tank Pressurization Example, 1-D Model
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Figure 6. Transient Pressure Response with Choked Flow
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Figure 7. Transient Flow Rates with Choked Flow
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TRANSIENT OUTPUT

(C) COPYRIGHT 1982,1983,1984,1985,1986,1987 J.D.GASKI SINDA/1987/ANSI 1.31 NETWORK

ANALYSIS ASSOCIATES, INC. - PAGE 1

COPMRESSIBLE FLOW, ID NETWORK

,,, NOTE "'" SNFRDL REQUIRES 18 DYNAMIC STORAGE LOCATIONS OUT OF 974 AVAILABLE "'"

TIMEND- 20.000 , CSGFAC= 1.0000 , DTIMEI= 0.10000E-01, NLOOP -

I000

TIMEO - .00000 , OUTPUT= .I0000 , DTIMEH- 0.10000E-01, DTIMEL= °00000

ARLXCA= 0.10000E-02, ATMPCA= 0.10000E÷09, DRLXCA= 0.10000E_02, DTMPCA=

0.10000E+09

TIME= o00000 DTIMEU= O.00000E-OI CSGMIN( 0) = 0.00000E-OI

TEMPCC( 0)= 0.O0000E-OI RELXCC( 0)= 0.00000E-01

T i = .00000 T 2 = o00000 T 201= 14.70000 T 206= 14.70000

T 301 = 14.70000 T 3 = .00000 T 101= 400.00000 T 106= 14,,70000

T I001= .34497 T 1006= .00000 T 2001= .00000 T 2006= .00000

T 4001= .00000

"WARN" GSUM IS ZERO, ACT NODE 206 IS UNCONNECTED AT TIME .00000

"WARN" GSUM IS ZERO, ACT NODE 301 IS UNCONNECTED AT TIME .00000

TIME= 1.00000 DTIMEU= 5.00000E-03 CSGMIN( 206)= 2.43973E-01

TEMPCC( 201)= 4.98385E-01 RELXCC( 0)= 0.00000E-01

T I= .00000 T 2 = .00000 T 201= 121.54553 T 206- 19.10849

T 301 = 31.00314 T 3 = .00000 T i01= 400.00000 T 106= 14.70001

T i001= .38605 T 1006= .03124 T 2001= .11531 T 20062 .04872

T 4001= .00000

TIME = 2.00000 DTIMEU= 5.00000E-03 CSGMIN( 206)= 4.72233E-01

TEMPCC( 201)= 3.91398E-01 RELXCC{ 0)= 0.O0000E-01

T 1 = .00000 T 2 = .00O00 T 201= 210.54580 T 206= 27.34601

T 301= 66.82684 T 3= .00000 T i01= 400.00000 T 106 = 14.7000!

T 10CI= .41692 T 1006= .04868 T 200!= .20446 T 2006= .07609

T 4001= .00000

TIME= 3.00000 DTIMEU= 5.00000E-03 CSGMIN(

TEMPCC( 301}= 2.86322E-01 RELXCC{

2)= 5.00000E-OI

0): 0.OO000E-0!

T i = .00000 T 2 = .00000 T 201= 270.06170 T 206= 42.03870

T 301= 12!.22710 T 3 = .00000 T I01 = 400.00000 T 106= 14.70001

T i001 = .38579 T 1006= .06033 T 2001= .27489 T 2006 = .I1910

T 4001= .00000

TIME= 4.00000 DTIMEU= 5.00000E-03 CSGMIN: 201) = 4.54753E-01

TEMPCC( 30ii = 2.37594E-01 RELXCC( 0) = 0.00000E-Of

T 1 = .00000 T 2 = .00000 T 201= 297.59790 T 206= 70.96954

T 301 = 175.64540 T 3 = .O000O T i01= 400.00000 T 106= 14.70001

T 1001= .35798 T 1006= .07833 T 2C01: .30523 T 2006= .17605

T 4001= .00000
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TIME= 5.00002

TEMPCC(

DTIMEU = 5.00000E-03 CSGMIN(

206)" 2.24145E-01 RELXCC(

T i- .00000 T 2"

T 301- 213.49163 T 3 =

T I001- .33715 T 1006-

T 4001" .00000

201)= 3. 94670E-01

0)z 0.00000E-Of

.00000 T 201 z 313.58264 T 206-

.00000 T 181= 400.00000 T 106-

.10108 T 2001 = .30132 T 2006-

112.15290

14.70001

.22296

TIME= 6.00005

TEMPCC(

DTIMEU" 5.00000E-03 CSGMIN(

206)" 1.83164E-01 RELXCC(

T I"

T 301-

T I001 =

T 4001-

.00000 T 2 Z

238.00732 T 3-

.32029 T 1006-

.00000

.00000 T 201 =

.00000 T I01-

.13606 T 2001 =

201)" 3.56548E-01

0)" 0.00000E-01

324.60943 T 206-

400.00000 T 106-

.29466 T 2006-

153.46893

14.70001

.23560

TIME = 7,00007

TEMPCC(

DTIMEU- 5.00000E-03 CSGMIN(

206)= !.37017E-01 RELXCC(

T i= o00000 T 2 =

T 301- 257.50120 T 3 _

T i001- .30585 T 1006 =

T 4001= .00000

.00000 T 201 =

.00000 T I01 =

.16313 T 2001 =

201)- 3.26940E-01

0)- 0.00000E-OI

332.97521 T 206- 185.36730

400.00000 T I06- 14.70001

.28533 T 2006- .23759

TIME = 8.00009

TEMPCC(

DTIMEU = 5.00000E-03 CSGMIN(

206)= 1.00454E-01 RELXCC(

T I-

T 301-

T 1001-

T 4001=

.00000 T 2"

273.23020 T 3-

.29281 T 1006 =

.00000

.00000 T 201 =

.00000 T I01 =

.18305 T 200! =

201) = 3.02829E-01

0)= 0.O0000E-OI

339.82380 T 206- 208.93591

400.00000 T 106- 14.70001

.27585 T 2006- .23765

TIME = 9.00012

TEMPCC(

DTIMEU = 5.00000E-03 CSGMIN(

206)= 7.35650E-02 RELXCC(

T I= .00000 T 2=

T 301 = 285.65210 T 3 =

T I001 = .28112 T 1006 =

T 4001- .00000

201) = 2.83455E-01

O) = 0.00000E-Of

.00000 T 201 = 345.45670 T 206 = 226.19510

.00000 T i01 = 400.00000 T 106- 14.70001

.19765 T 2001= .26731 T 2006= .23764

TIME= 10.00014

TEMPCC(

DTIMEU _ 5.00000E-03 CSGMIN(

206)= 5.38895E-02 RELXCC(

T i=

T 301 =

T I001 =

T 4001 =

.00000 T 2 = .00000 T 201=

295.18444 T 3 = .00000 T i01 =

.27104 T 1006 = .20837 T 2001=

.00000

201)= 2.68328E-01

0)= 0.00000E-01

349.97802 T 206 =

400.00000 T 106=

.26015 T 2006 =

238.83720

14.70001

.23767

TIME = 11.00016

T 1 =

T 301 =

T 1001-

T 4001-

DTIMEU = 5.00000E-03 CSGMIN( 201)= 2.56779E-01

TEMPCC( 206)= 3.94380E-02 RELXCC( 0)= 0.00000E-Of

.00000 T 2 = ._0000 T 201 = 353.48583 T 206 =

302.34730 T 3 = .00000 T I01= 400.00000 T 106=

.26273 T 1006 = .21623 T 2001 = .25442 T 2006-

.00000

248.09650

14.70001

.23767
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TIME= 12 00018 DTIMEU = 5.00000E-03 CSGM!N

TEMPCC 206)= 2.86833E-02 RELXCC

T i" .00000 T 2=

T 301" 307.66424 T 3"

T i001= .25614 T 1006=

T 4001" .00000

201]= 2.48092E-01

0)" 0.00000g-01

TIME" 13 00021

TEMPCC

.00000 T 201 = 356.13653 T 206- 254.85070

.00000 T I01= 460.00000 T I06- 14.70001

.22196 T 2001= .24993 T 2006= .23756

DTIMEU" 5.00000E-03 CSGMIN

206)- 2.08347E-02 RELXCC

201)- 2.41645E-01

O) z 0.00000E-01

T !" .00000 T 2=

T 301 = 311.56680 T 3 =

T i00i= .25106 T 1006=

T 4001" .00000

TEMPCC

.00000 T 201= 358.10491 T 206" 259.76141

.00000 T I01= 400.00000 T I06= 14.70001

.22613 T 2001 = .24648 T 2006- .23745

TIME= 14 00023 DTIMEU- 5.00000E-03 CSGMIN

206)= 1.50840E-02 RELXCC

T I= .00000 T 2=

T 301= 314.40560 T 3 =

T i001= .24723 T 1006 =

T 4001= .00000

TEMPCC

201)= 2°36913E-01

0)= 0.00000E-01

::ME = 15 00025

.00000 T 201= 359.54724 T 206 = 263.32312

.00000 T i01= 400.00000 T i06 = 14.70001

.22915 T 2001 = .24389 T 2006= .23735

DTIMEU = 5.00003E-03 CSGMIN

206) = 1.08837E-02 RELXCC

T I= .00000 T 2=

T 301= 316.45880 T 3 =

T I001 = .24439 T 1006=

T 4001= .00000

20!) = 2.33467E-01

0) = 0.00000E-01

TIME = 16 00027

.00000 T 201 = 360.59440 T 206= 265.89764

.00000 T I01- 400.00000 T 106- 14.70001

.23133 T 2001= .24197 T 2006 = .23725

DTIMEU = 5.00000E-03 CSGMIN

206) = 7.83321E-03 RELXCC

T !=

T 301 =

T i001=

T 4001=

TEMPCC

.00000 T 2=

317.93860 T 3=

.24230 T 1006=

.00000

TIME= 17 00028

TEMPCC

201)= 2.30971E-01

0)= 0.00000E-01

T i=

T 301 =

T i001 =

T 4001=

.0C':0 T 201 = 361.35083 T 206 = 267.75274

.0C_L0 T i01= 400.00000 T 106= 14.70001

.23291 T 2001 = .24056 T 2006= .23716

DTIMEU= 5.00000E-03 CSGMIN

206)= 5.62588E-03 RELXCC

.00000 T 2=

319.00213 T 3=

.24078 T !006=

.00000

TEMPCC(

.00000 T 201=

.000CO T !Ol =

.23404 T 200!=

TIME= 18 00028 DTIMEU= 5.0C000E-03 CSGMIN(

206)= 4.03237E-03 RELXCC{

T I =

T 301=

T i001=

T 4001=

.00300 T 201=

.00000 T 13!=

.23485 T 2331=

.00000 T 2=

319.76464 T 3=

.23969 T 1006=

.00000

TIME- 19 00029 DTIMEU= 5.00000E-03 CSGMIN

201)= 2.29170E-01

0)= 0.00000E-01

361.89532 T 206= 269.08640

400.00000 T 106= 14.70001

.23953 T 2006 = .23710

201)= 2.27875E-0!

0)= O.0000OE-OI

362.28613 T 206= 270.04330

408.00000 T 106= 14,70001

.23879 T 2006= .23704

201) = 2.26946E-01
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TEMPCC( 206)= 2.88746E-03 RELXCC( 0)= 0.00000E-0!

T i= .00000 T 2 =

T 301- 320.31103 T 3 =

T I001 = .23889 T 1006 =

T 4001- .00000

TIME"

T I=

T 301 =

T 1001 =

T 4001 =

.00000 T 201 = 362.56620 T 206-

.00000 T i01 = 400.00000 T 106-

.23543 T 2001 = .23825 T 2006"

20.00000 DTIMEU = 4.70924E-03 CSGMIN(

TEMPCC( 206)- 1.94587E-03 RELXCC(

.00000 T 2 = .00000 T 201 =

320.70160 T 3= .00000 T I01 =

.23832 T I006 = .23585 T 2001 =

.00000

201)" 2.26280E-01

0)- 0.00000E-OI

362.76650 T 206-

400.00000 T 106-

.23786 T 2006-

270.72890

14.70001

.23700

271.21923

14.70001

.23697
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CHAPTER 5: N-DIMENSIONAL BRANCHING NETWORKS.
1-DIMENSIONAL FLUID FLOW

SECTION 3: Coupled (Conjugate) Fluid/Thermal Analysis

ANALYSIS CODE: SINDA (Gaski Version)

I. Identification of the Problem:

A. Preface to the Problem:

The Space Shuttle Main Engine's Main Fuel Valve Actuator (MFVA), during
development, exhibited marginal prelaunch thermal conditioning. Eventually, a
heater was added to compensate for the loss of heat to the cryogenic valve.
Extensive thermal analysis was needed to correctly size the heater, and to predict the
outcome of a possible heater failure. The following is a simplified version of the
thermal/hydraulic analysis. Linearized incompressible flow equations are solved,
as described earlier in Chapter 5.

Hydraulic power is provided for operation of five valve actuators in the propellant
feed system (oxidizer preburner oxidizer, fuel preburner oxidizer, main oxidizer,
main fuel, and chamber coolant valves). Servoactuators mounted to the propellant
valves convert vehicle-supplied hydraulic fluid pressure to rotary motion of the
actuator shaft. The amount of rotation is a function of electrical input.

Two servovalves are integral with each servoactuator as shown in Figure 1. The
servovalves translate the electrical command signal from the engine controller, to
position the valve actuator. The dual servovalves provide redundancy, thereby
permitting a single servovalve failure with no change in actuator performance. A
fail-operate servoswitch is used to (automatically) select the redundant servovalve,
upon failure of a single servovalve. A fail-safe servoswitch is used to hydraulically
lock the servoactuator upon failure of both servovalves.

A heater, installed on the MFV actuator neck, maintains the hydraulic fluid
temperature at an acceptable level.

Dual rotary variable differential transformers (RVDTs) are connected to the
actuator shaft and return electrical signals to the controller which in turn,
interprets the signal and determines the position of the actuator.

Any or all of the actuators may be pneumatically operated should emergency
conditions warrant rapid closure of the propellant valves. Pneumatic
sequence valves, in the oxidizer and fuel preburner actuators, provide the
proper closing sequence of the propellant valves during an emergency
shutdown condition. A pneumatic sequence valve in the chamber coolant-
valve actuator is used to determine engine post-shutdown purges.

Normal operating specifications for the hydraulic actuators are given in
Table 1.
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Table I. HydraulicActuatorOperatingSpecifications.

Supply Pressure, psig
Return Pressure, psig

2700 to 3100
200 nominal
250 maximum

Flew'rates, gpm
Steady Siam 2.5 minimum
Transient 12

SSME PROPELLANT
VALVE HYDRAULIC ACTUATOR

POGITION I NOICATOiR
(RVOT)

PNEUMATIC

PISTON

EIERVO VALVE •

ELECTR ICAL
CONNECTORS

Figure 1. Typical Hydraulic Actuator

The main fuel valve, pictured in Figure 2, is a hydraulically actuated ball valve with
a 2.5 inch diameter propellant flow passage. The valve is flange-mounted and is
located between the high-pressure fuel duct and the coolant distribution manifold to
the thrust chamber nozzle. The valve permits (or stops) the flow of fuel to the
thrust chamber coolant circuits, the low pressure fuel turbopump turbine, hot gas
manifold coolant circuit, oxidizer preburner, fuel preburner and the three augmented

spark igniters. Valve position is determined by commands from the engine
controller.
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The valve contains two maj_ (moving) components including the integral
ball/shaft/cams and the ball seal retracting mechanism. The ball outlet seal is
machined plastic, bellows-loaded-closed seal. The ball seal is placed at the outlet
side of the valve such that the valve housing is exposed to liquid hydrogen during
engine conditioning (chilldown). Redundant shaft seals, with a (overboard) drain
cavity located between them, prevent leakage along the shaft during engine
operation. Inlet and outlet throttling sleeves align the flow to minimize turbulence
and the resultant pressure loss. Ball seal wear is minimized by cams and a cam
follower assembly that displaces the seal away from the ball following the first few
degrees of ball rotation.

Geometry of Main Fuel Valve

Flow Passage Dimensions, inches
Ball Diameter, inches
Shaft Diameter (seal), inches

Valve Length, inches

2.500
5.125
1.875
10.25

.of °

Figure 2. Main Fuel Valve Actuator

Bo Statement of the Problem:

Following is an example of a coupled (conjugate) thermal model with an
incompressible branching network (fluid) analysis that was used to evaluate
the heat loss problem addressed in this chapter. Previously discussed
techniques (Sections 1 and 2) for linearizing the flow conductors axe used to

solve the pressure field. Transient thermal/flow conditions are simulated.
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II.

In order to understand the solution of the problem, the following steps
should be taken:

1. Understand the thermal and fluid networks in the model.

o

t

Understand the method of coupling the solutions and the logic

requhed.

Understand the heat transfer coefficient calculations and the fluid
heat transfer calculations.

o Run the model for various supply pressures and temperatures.
Observe the sensitivity of the system response to small changes.
Observe the variation in fluid viscosity as a function of temperanae.
Also, observe the effect on system response from viscosity.

o Examine the effects of cryogenic heat leak, heater power, and Joule-

Thompson heating.

Formulation of the Problem:

A. Discretization:

Each servo is modeled as a single orifice. The helical flow passages are
intended to warm critical seals in the actuator neck. These passages are

modeled as simple pipes. The fluid network analysis is coupled to the heat
transfer analysis within SINDA. The flow conductances are linearized and
the flow is solved at each time step. A schematic is shown in Figure 3a. A
schematic of the simplified thermal model is depicted in Figure 3b.
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23
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Inner

Helix
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31

133

35

37

_39
Return

Figure 3a. Simplified Fluid Model During Prelaunch

Outer

Helix
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42

Convective Exchange
With Environment

I_ MFV Actuator
Upperbody

Heater

' \
Neck

MFV Actuator

Fbmge

MFV
41

RadiativeExchmge
With Environment

Figure 3b. MFV Actuator
Simplified Thermal Model

The fluid model and the thermal model interface with one another. The MFV

actuator upper body is connected to the helix return. Also, it is connected to servos
1-4 and the helix inlet. The inner helix and the outer helix are joined to the MFV
actuator neck.

III. Solution of the Problem:

Development of the input deck is the focus of this section. Individual blocks of code are
discussed in some detail.

A. Input Deck:

I. The Node Data

The input deck consists of nine parts and the listing is attached.
Comments are scattered throughout the listing that point out

significant programming techniques.

Nodes 41 (ball valve) and 42 shown in Figure 3b (convective exchange
with environment) are modeled as boundary nodes, while the temperature

nodes (oil nodes) in Figure 3a are modeled as arithmetic nodes.
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,

Flow pressure is modeled with nodes 100 (pressure inlet), 102 (pressure
outlet), and 101 (pressure out of the servos to the helix). Nodes 100 and
102 are boundary nodes. Node 101 is an arithmetic node.

Flow rates are calculated using dummy boundary nodes 1101 through
1107. Nodes 1101 through 1104 correspond to servos 1 through 4. Nodes
1106 and 1105 correspond to the inner helix (oil node 29) and to the outer
helix (oil node 35). Node 1107 is a sum of the inner and outer helix flow
rates.

The Conductor Data

Figure 3a shows the flow paths that are connected by one way conductors.
Conductors 101 to 104 are for servos 1 through 4. Conductors 105 and
106 are for the inner and outer helix respectively.

The heat transfer coefficients between the oil and the internal surfaces of the

MF_ actuator upper body and the MFV actuator neck are calculated using
the fbllowing expression:

Nu=I 3.66+ 0.0668 Re Pr (D/L) l(_f/0"14

1.o + oo04 [-R-e_ _-_]2,3J _--_!L
VChel,_.

Nu - Nusselt number
Pr - Prandtl number

Re = Reynolds number
D = Flow passage hydraulic diameter
L = Flow passage length

I.tf = Viscosity of fluid at fluid temperature

I.tw = Viscosity of fluid at wall temperature
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The following table fists the geometry of internal passages within the valve
that was used to calculate heat transfer coefficients between the oil and the
surfaces.

Connector

Number

9
10
11
12
13
14
15
16
17
18
19
20
21

Starting
Node

1
1
1
1
1
1
1
2
2
2
2
2
2

Ending
Node

4
6
9
19
20
23
25
27
29
31
33
35
37

Hydraulic
Diamtcr(in)

0.180
0.120
0.120
0.120
0.120
0.120
0.120
0.069
0.069
0.069
0.072
0.072
0.072

Line

Lenith(in)

24.
1.5
1.5
1.5
1.5
4.0
4.0
20.4
20.4
20.4
22.6
22.6
22.6

, Constants Data Block:

The constants data block contains data which controls execution. The

constants may be user defined such as JTEST or SINDA-dcfined, such as
NDIM. This deck contains two user-defined constants (1TEST and JTEST)
and twelve SINDA-defincd constants. The two user-defined constants are

used as flags. The twelve SINDA--defined constants include,

a. DTIMEI User input DTIMEU (Computational time
step used) for implicit type solutions.

b. DTIMEH Maximum DTIMEU allowed.

c. NLOOP Number of iterative loops allowed.

d.TIMEND Transient problem termination time.

e. OUTPUT Output time interval for activating output
calls.

f.ARLXCA Arithmeticrelaxationallowed.

g. DRLXCA Diffusion relaxation allowed.

h. TIMEO Tune at start of calculation.

i. DAMPA Damping factor used in specific arithmetic
calculations.
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B .

j. DAMPD Damping factor used in specific diffusion
calculations.

k. BALENG System energy balance allowed.

1. N-DIM Special constant used to allocate dynamic
storage space for thermal problems.

4. Array Input Block:

The array input block contains information regarding the change in physical
properties with temperature. Hydraulic fluid density, absolute viscosity,
hydraulic fluid specific heat, hydraulic fluid Prandfl number, and thermal
conductivity are the properties that are temperature dependent in this model.

5. Execution Data Block:

The execution data block contains information that controls execution. A
wansient solution was used.

6. Variables 1 Data Block:

VARIABLES 1 data block preforms necessary pre-solution calculations.
The flow conductors and fluid convection must be determined in
VARIABLES 1. This includes the flow network simulation as discussed in

Chapter 5. Also, the heat transfer through the fluid must be calculated,
using SINDA's one-way conductor option. Finally, the heat transfer from
the fluid to the solid body must be calculated using standard heat transfer
coefficient correlations.

For cases where APU start is simulated, Joule-Thompson heating can be
added. This is accomplished for incompressible flow as given below

dl= mAP-
P

In this analysis, when throttling hydraulic fluid across several thousand
PSID, this term becomes significant, and should be included. For this
analysis, units must be converted to BTU/sec.

7. Variables 2 Data Block:

For each computational interval the execution subroutines call VARIABLES
2 and then checks control constant BACKUP to see if the user has

requested that the previous solution be repeated.

The SINDA Model:

This section contains an input deck and the corresponding output. The hydraulic
supply temperature is 80 °F and the supply pressure is 400 PSID. The supply
temperature and the supply pressure are the parameters that were varied to produce
the results that are discussed in Section IV. Simulations of the heat input from the

actuator neck heater blanket, the APU start pressure, and Joule Thompson heating
are included. These sections are not active in this configuration. However, if a
section needs to be activated the instructions are contained in the model.
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Model Input

BCD 3THERMAL LPCS

BCD 9TEST, PC-SINDA

END

C

BCD 3NODE DATA

C

C MFVA NODES

C

i, i00.0, 4.05228 $ MFVA UPPER BODY

2, i00.0, 0.332207 $ MFVA NECK

40, I00.0, 0.161935 $ MFVA FLANGE

-41, -420.0, 1.0 $ BALL VALVE TEMP

-42, 30.0, 1.0 $ CONVECTIVE BOUNDARY

99,14.8,-420.0 $ MFV

C

C OIL NODES

C

C**VARY SUPPLY TEMPERATURE PARAMETRICALLY

C

-999, 80.0, 1.0 $ HYD SUPPLY TEMP

4, I00.0, -1.7067E-2

6, i00.0, -I.14E-3

9, I00.0, -I.1486E-3

12, I00.0, -5.027E-3

15, I00.0, -9.3189E-5

19 i00.0, -I.1486E-3

20 I00.0, -I.1486E-3

23 I00.0, -3.2075E-3

25 I00.0, -9.5763E-4

27 I00.0, -I.097E-3

29 i00.0, -I.097E-3

31 i00.0, -I.097E-3

33 I00.0, -1.3E-3

35 I00.0, -1.3E-3

37 100.0, -1.3E-3

39, I00.0, 0.34937

C''VARY SUPPLY PRESSURE PARAMETRICALLY

C

-i00, 400.0, 1.0 $ PRES BOUNDARY

i01, 250.0, -I.0 $ PRES OUT OF SERVOS

-102, i00.0, 1.0 $ RETURN PRES

-II01, 0.0, 1.0 $ FLOWS IN GPM

-1102, 0.0, 1.0

-1103, 0.0, 1.0

-1104, 0.0, 1.0

-1105, 0.0, 1.0

-1106, 0.0, 1.0

-1107, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

C

C THERMAL CONDUCTORS

C

i, 40, 2, 4.8678E-3

2, i, 2, 6.3756E-3
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3, 40, 42, 3.809E-5

4, 2, 42, 5.372E-5

5, i, 42, 8.205E-4

6, i, 39, 2.163E-4

7, 40, 99, 5.0134E-4

8, 2, 99, 5.8E-5

108, 41, 99, 0.031772

C

C CONVECTION, INTERNAL

C

9, i, 4, 0.0

i0, I, 6, 0.0

II, i, 9, 0.0

12, i, 19, 0.0

13, i, 20, 0.0

14, i, 23, 0.0

15, I, 25, 0.0

16, 2, 27, 0.0

17, 2, 29, 0.0

18, 2, 31, 0.0

19, 2, 33, 0.0

20, 2, 35, 0.0

21, 2, 37, 0.0

22, I, 12, 7.814E-6

23, i, 15, 4.986E-5

C

C MDOT CP CONNECTORS

C

24, -999, 4, 0.0

25, -4, 6, 0.0

26, -4, 9, 0.0

27, -4, 19, 0.0

28, -4, 20, 0.0

29, -6, 23, 0.0

30, -9, 23, 0.0

31, -19, 23, 0.0

32, -20, 23, 0.0

33, -23, 25, 0.0

34, -25, 27, 0.0

35, -27, 29, 0.0

36, -29, 31, 0.0

37, -31, 39, 0.0

38, -25, 33, 0.0

39, -33, 35, 0.0

40, -35, 37, 0.0

41, -37, 39, 0.0

i01, i00, I01, 0.0 $ FLOW COND SERVOI

102, i00, I01, 0.0 $ FLOW COND SERVO2

103, i00, I01, 0.0 $ FLOW COND SERVO3

104, I00, I01, 0.0 $ FLOW COND SERVO4

105, I01, 102, 0.0 $ FLOW CONDUCTOR INNER HELIX

106, i01, 102, 0.0 $ FLOW CONDUCTOR OUTER HELIX

END

BCD 3CONSTANTS DATA

DTIMEI,20.0

DTIMEH,20.0

NLOOP,1000

TIMEND, 0.0

OUTPUT, 0.2
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ARLXCA,.01

DRLXCA,.OI

TIMEO, 0.0

DAMPA, O.5

DAMPD, 0.5

BALENG, 0.O01

NDIM, 200

ITEST, 0

JTEST, O

END

BCD 3ARRAY DATA

1 $ HYD FLUID RHO VS TEMP

-i00.0, 56.9

300.0, 47.3

END

C

C''VISCOSITY CHANGES SEVERAL ORDERS OF MAGNITUDE,

C''GREATLY AFFECTING PRESSURE DISTRIBUTION AND FLOW RATE

2 $ ABS VISCOSITY (CENTIPOISE)

-i00.0, 2.E*5

-65.0, 1.2E+4

-60.0, 7.25E+3

-50.0, 3.8E+3

-40.0, 1.9E+3

-30.0, 1.0E÷3

-20.0, 5.9E+2

-I0.0, 3.25E+2

0.0, 2.2E÷2

i0.0 1.3E+2

20.0 I.E+2

30.0 7.2E+I

40.0 53.0

50.0 40.0

60.0 30.0

70.0 22.0

80.0 20.0

9O.O 15.0

i00.0, 12.0

150.0, 6.0

200.0, 3.2

250.0, 2.0

275.0, 1.7

END $ ICP " 0.000672 LB/FT-SEC

3 $ SPECIFIC HEAT, HYD FLUID

-I00.0, 0.402

300.0, 0.597

END

4 $ HYD FLUID PRANDTL NUMBER

-65.0, I.E+5

-60.0, 7 IE+4

-50.0, 3 2E+4

-40.0, ! 8E+4

-30.0, I 0E+4

-20.0, 6 0E+3

-I0.0, 3 6E+3

0.0, 2.2E+3

i0.0, 1.6E+3
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20.0, I 05E+3

30.0, 8 0E+2

40 0, 6 0E+2

50 O, 4 6E+2

60 O, 3 6E+2

70 0, 3 0E+2

80 0, 2 3E+2

90 0, 2 0E+2

I00.0, 1.5E+2

150.0, 80.0

200.0, 50.0

250.0, 33.0

275.0, 30.0

END

5 $ THERMAL CONDUCTIVITY BTU/HR-FT-F

-i00.0, 0.1083

287.0, 0.082

END

END

BCD 3EXECUTION

OPEN(3, FILE-"EMLFLT.PLT",STATUS="UNKNOWN")

WRITE(3,2)NNT, (NX(LNODE+I),I-I,NNT)

2 FORMAT(I6/,250(I6,31X, 16/))

CALC SERVOI CONDUCTORS

CALL DIDEGI(T6,AI,RHO)

C'"FLOW CONSTANTS DERIVED FROM EXPERIMENTAL DATA

C

M GI01=0.25"O.6"I.44111E-6*SQRT(2.-32.2"I44.'RHO)

C

C CALC SERVO2 CONDUCTORS

C

M CALL DIDEGI(T9,AI,RHO)

M GIO2"0.25"O.6"I.44111E-6*SQRT(2.*32.2*I44.'RHO}

C

C CALC SERVO3 CONDUCTORS

C

M CALL DIDEGI(TI9,AI,RHO)

M GI03"0.25"O.6*I.44111E-6"SQRT(2.'32.2*I44.'RHO)

C

C CALC SERVO4 CONDUCTORS

C

M CALL DIDEGI(T20,AI,RHO)

M GIO4"0.25"O.6"I.44111E-6*SQRT(2.*32.2"I44.'RHO)

C

C CALC FLOWS THROUGH HELIX

C

M CALL DIDEGI(T29,AI,RHO)

M CALL DIDEGI(T29,A2,XMU)

M XMU'XMU'0.000672

M XXL=20.391/12.

M REY=IO0.

M DH_O.65E-2

M lF(REY.LT.1500.)FFACT=64./REY

M lF(REY.GE.1500.)FFACT=0.3164/(REY*'0.25)

M GI05-SQRT(RHO'3.14159_'2"DH'*5"I44._32.2/(8.'FFACT'XXL))

C

C CALC FLOWS THROUGH HELIX

C
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M CALL DIDEGI(T35,AI,RHO)

M CALL DIDEGI(T35,A2,XMU)

M XMU-MMU'0.000672

M XXL-22.591/12.

C''CRITICAL PARAMETERS DERIVED FROM EXPERIMENTAL DATA

C

M

C

F

DH-O.65E-2

REY-IO0.

IF(REY.LT.1500.)FFACT'64./REY

IF(REY.GE.1500.)FFACT-0.3164/(REY**0.25)

GI06-SQRT(RHO*3.14159**2"DH**5"I44.'32.2/(8.*FFACT'XXL))

ITEST-O

CALL SNHOSD

ITEST'I

TIMEND-7200.

OUTPUT-100.

CALL SNFRDL

END

BCD 3VARIABLES I

IF(ITEST.EQ.0)GO TO 900

DO 20 1-1,15

C*'A CHECK FOR CONVERGENCE CAN BE ADDED TO SPEED UP

C

C CALC

C

M

M

M

C

C CALC

C

M

M

M

C

C CALC

C

M

M

M

C

C CALC

C

M

M

M

C

C CALC

C

M

M

M

M

M

M

M

M

M

M

SERVOI CONDUCTORS

CALL DIDEGI(T6,AI,RHO)

GR,O.25*0.6*I.44111E-6*SQRT(2._32.2*I44.'RHO)

GI01=GR/SQRT(TI00-TI01)

SERVO2 CONDUCTORS

CALL DIDEGI(T9, AI,RHO)

GR-0.25*0.6"I.44111E-6*SQRT(2.'32.2*I44._RHO)

GI02-GR/SQRT(TI00-TI01)

SERVO3 CONDUCTORS

CALL DIDEGI(TI9,AI,RHO)

GR=0.25*0.6"I.44111E-6*SQRT(2._32.2_I44.*RHO)

GI03-GR/SQRT(TI00-TI01)

SERVO4 CONDUCTORS

CALL DIDEGI(T20,AI,RHO)

GR-O.25*O.6*I.44111E-6*SQRT(2.*32.2_I44.'RHO)

GI04-GR/SQRT(TI00-TI01)

FLOWS THROUGH HELIX

CALL DIDEGI(T29,AI,RHO)

CALL DIDEGI(T29,A2,XMU)

XMU-XMU'O.O00672

XXL=20.391/12.

XMDOTsGI05*(TI01-TI02)

AREA-.0385_.31/144.

REY=XMDOT'I.427E-3/(XMU*AREA)

IF(REY.LS.1500.)FFACT=64./REY

IF(REY.GE.1500.)FFACT=0.3164/(REY**0-25)

DHs0.65E-2
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M

M

C

C CALC

C

M

M

M

M

M

M

M

M

M

M

M

M

C

CM

CM 15

C

F 2O

C

F900

C

C

C

C

C

GI05-SQRT(RHO'3.14159*'2*DH*'5*I44.-32.2/(8.,FFACT*XXL))

GI05-GI05/SQRT(TI01-TI02)

FLOWS THROUGH HELIX

CALL DIDEGI{T35,AI,P, HO)

CALL DIDEGI(T35,A2,XMU)

XMU-XMU*O.000672

XXL-20.391/12.

XMDOT-GI06*(TI01-TI02)

AREA-0.041*0.31/144.

REY-XMDOTtl.509E-3/(XMU*AREA)

IF(REY.LT.1500.)FFACT-64./REY

IF(REY.GE.IS00.)FFACT-0.3164/(REY**0.25)

DH-O.65E-2

GI06-SQRT(RHO*3.14159**2*DH*t5*I44.*32.2/(8.tFFACT'XXL))

GI06-GI06/SQRT(TI01-TI02)

WRITE(6,15)GI01,GIO2,GI03,GI04,GI05,GI06

FORMAT(IX,6(FI2.6,1X))

CONTINUE

CONTINUE

THERMAL NETWORK CALCULATIONS

CALCULATE MDOTS AND FLOW CONDUCTORS

XMDOTI-GIOIw(TI00-TIOI)

CALL DIDEGI(T4,A3,CP)

G25-XMDOTItCP

XMDOT2-GI02*(TI00-TI01)

CALL DIDEGI(T4,A3,CP)

G26-XMDOT2*CP

XMDOT3=GI03t(TIOO-TI01)

CALL DIDEGI(T4,A3,CP)

G27=XMDOT3*CP

XMDOT4=GI04*(TI00-TIOI)

CALL DIDEGI(T4,A3,CP)

G28-XMDOT4"CP

XMDT=XMDOTI+XMDOT2+XMDOT3+XMDOT4

CALL DIDEGI(T999,A3,CP)

G24-XMDT*CP

CALL DIDEGI(T6,A3,CP)

G29-XMDOTI'CP

CALL DIDEGI(T9,A3,CP)

G30-XMDOT2*CP

CALL DIDEGI(TIg, A3,CP)

G31-XMDOT3*CP

CALL DIDEGI(T20,A3,CP)

G32-XMDOT4"CP

CALL DIDEGI{T23,A3,CP)

G33_XMDT*CP
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M

M

M

C

M

M

C

M

M

C

M

M

C

M

M

M

C

M

M

C

M

M

C

M

M

C

C CALC

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

XMDOTS-GI05"(TIOI-TI02)

CALL DIDEGI(T25,A3,CP)

G34-XMDOT5"CP

CALL DIDEGI(T27,A3,CP]

G35-XMDOT5"CP

CALL DIDEGI(T29,A3,CP)

G36-XMDOT5*CP

CALL DIDEGI(T31,A3,CP)

G37-XMDOT5"CP

XMDOT6-GI06*(TI01-TI02)

CALL DIDEGI(T25,A3,CP)

G38-XMDOT6*CP

CALL DIDEGI(T33,A3,CP]

G39-XMDOT6*CP

CALL DIDEGI(T35,A3,CP)

G40-XMDOT6*CP

CALL DIDEGI(T37,A3,CP)

G41-XMDOT6*CP

INTERNAL CONVECTION

CALL DIDEGI{T4,A4,XPR)

CALL DIDEGI(T4,A2,XMUF)

CALL DIDEGI(TI,A2,XMUW]

XMUF-XMUFtO.000672

XMUW-XMUW*0.000672

DH-0.18/12.

XXL-24.0/12.

REY-4.0"XMDT/(3.14159tDH*XMUF)

XNU-.0668*REY*XPR*(DH/XXL)/(I.+.04"(REY*XPR'(DH/XXL))"'.6667)

XNU-(3.66+XNU)'(XMUF/XMUW)''0.14

CALL DIDEGI(T4,A5,XCOND)

×COND-XCOND/3600.

XHC=XNU*XCOND/DH

AREA-3.14159"DH*XXL

G9=XHC'AREA

CALL DIDEGI(T6, A4,XPR)

CALL DIDEGI(T6,A2,XMUF)

CALL DIDEGI(TI,A2,XMUW)

XMUF-XMUF*0.000672

XMUW-XMUW*O.000672

DH-0.12/12.

XXL-I.5/12.

RET-4.0*XMDOTI/(3.14159*DH'XMUF)

XNU-.0668*REY'XPR"(DH/XXL)/(I.÷.04"(REYtXPR'(DH/XXL)

XNU-(3.66+XNU)*(XMUF/XMUW)**0.14

CALL DIDEGI(T6,A5,XCOND)

XCOND-XCOND/3600.

XHC=XNU'XCOND/DH

AREA=3.14159*DH'XXL

GI0-XHC'AREA

CALL DIDEGI(T9,A4,XPR)

CALL DIDEGI(Tg, A2,XMUF)

CALL DIDEGI(TI,A2,XMUW)

XMUF-XMUF'0.000672

''.6667)
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M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

XMUW-XMUW*0.0006"72

DH-0.12/12.

XXL-I.5/12.

REY=4.0"XMDOT2/(3.14159"DH*XMUF)

XNU-.0668_REY'XPR'(DH/XXL)/(I.÷.04*(REY'XPR'(DH/XXL))''.6667)

XNU-(3.66+XNU)"(XMUF/XMUW)'*0.14

CALL DIDEGI(T9, A5,XCOND)

XCOND-XCOND/3600.

XHC-XNU'×COND/DH

AREA-3.14159"DH*XXL

GII-XHC'AREA

CALL DIDEGI(TI9,A4,XPR)

CALL DIDEGI(TI9,A2,XMUF)

CALL DIDEGI(TI,A2,XMUW)

XMUF-XMUF*0.000672

XMUW-XMUW*0.O00672

DH-0.12/12.

XXL-I.5/12.

REY-4o0"XMDOT3/(3.14159"DH*XMUF)

XNU=°0668"REY*×PR'(DH/XXL)/(I°÷.04*(REY*XPR*(DH/XXL))'_.6667)

XNU-(3.66+XNU)'(XMUF/XMUW)"'0°I4

CALL DIDEGI(TI9, A5,XCOND)

XCOND-XCOND/3600.

XHC_XNU*XCOND/DH

AREA_3.14159_DH*XXL

GI2-XHC*AREA

CALL DIDEGI(T20,A4,XPR)

CALL DIDEGI(T20,A2,XMUF)

CALL DIDEGI(TI,A2,XMUW)

XMUF-XMUF'O.000672

XMUW=XMUW'O.000672

DH-O.12/12.

XXL-I.5/12.

REY-4.0*XMDOT4/(3.14159*DH'XMUF)

XNU-.0668"REY*XPR'(DH/XXL)/(I.+.04"(REY'XPR*(DH/XXL))''.6667)

XNU-(3.66+XNU)'(XMUF/XMUW)''0.14

CALL DIDEGI(T20,AS,XCOND)

XCOND=XCOND/3600.

XHC=XNU'XCOND/DH

AREA=3.14159"DH*XXL

GI3=XHC*AREA

CALL DIDEGI(T23,A4,XPR)

CALL DIDEGI(T23,A2,XMUF)

CALL DIDEGI(TI,A2,XMUW)

XMUF=XMUF*0.000672

XMUW-XMUW*0.000672

DH-0.12/12.

XXLz4.0/12.

REv=4.0*XMDT/I3.14159"DH*XMUF)

XNU=.0668"REY'XPR*(DH/XXL)/(I.+.O4"(REY*XPR'(DH/XXL))''.6667)

XNU-(3.66+XNU)'(XMUF/XMUW)*'0.14

CALL DIDEGI(T23,AS,XCOND)

XCOND-XCOND/3600.

XHC=XNU*XCOND/DH

AREA=3.14159"DH'XXL

GI4=XHC*AREA

CALL DIDEGI(T25,A4,XPR)

CALL DIDEGI(T25,A2,XMUF)

CALL DIDEGI(TI,A2,XMUW)

XMUF=×MUF'O.000672
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M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

XMUW-XMUW'0.000672

DH-0.12/12.

XXL-4.0/12.

REY-4.0*XMDT/(3.14159*DHtXMUF}

XNU,.0668-REYtXpR"(DH/XXL)/(I.÷.04*(REY'XPR*(DH/XXL))**.6667)

XNU-(3.66+XNU)'(XMUF/XMUW)**0.14

CALL DIDEGI(T25,A5,XCOND)

XCOND-XCOND/3600.

XHC-XNU'XCOND/DH

AREA-3.14159*DH"XXL

GI5-XHC'AREA

CALL DIDEGI(T27,A4,XPR)

CALL DIDEGI(T27,A2,XMUF)

CALL DIDEGI(T2,A2,XMUW]

XMUF-XMUF*O.000672

XMUW-XMUW*0.000672

DH-0.069/12.

XXL-20.4/12./3.

REY-4.0"XMDOTS/(3.

XNU_.0668*REYtXPR"

XNU=(3.66+XNU)"(XMU

CALL DIDEGI(T27,A5,XCOND)

XCOND-XCOND/3600.

XHC-XNU*XCOND/DH

AREA-3.14159"DH*XXL

GI6-XHC'AREA

_9"DH'XMUF)

XXL)/(I.+.04"(REY'XPR'(DH/XXL)

<MUW)''0.14

"'.6667)

CALL DIDEGI(T29,A4,XPR)

CALL DIDEGI(T29,A2,XMUF)

CALL DIDEGI(T2,A2,XMUW)

XMUF-XMUF'0.000672

XMUW-XMUW*0.000672

DH-0.069/12.

XXL-20.4/12./3.

REY-4.0*XMDOT5/(3.14159"DH*XMUF)

XNU_.O668*REY*XPR_(DH/XXL)/(I.+.O4"(REY_XPR*(DH/XXL)) *_.6667)

XNU=(3.66+XNU)'(XMUF/XMUW)''0.14

CALL DIDEGI(T29,A5,XCOND)

XCOND-XCOND/3600.

XHC=XNU*XCOND/DH

AREA=3oI4159*DH*XXL

GI7_XHC*AREA

CALL DIDEGI(T31,A4,XPR)

CALL DIDEGI(T31,A2,XMUF}

CALL DIDEGI(T2,A2,XMUW)

XMUF-XMUF*0.000672

XMUW-XMUW'O.000672

DH'0.069/12.

XXL-20.4/!2./3.

REY-4.0_XMDOT5/(3.14159"DH*XMUF)

XNU-.0668*REY*XPR*(DH/XXL)/(I.+.04*(REY*XPR'(DH/XXL)) "t.66671

XNU-(3.66+×NU)'(XMUF/XMUW)""0.14

CALL DIDEGI(T31,A5,XCOND)

XCOND-×COND/3600.

XHC=×NU"XCOND/DH

AREA-3.14159_DH*XXL

GI8=XHC*AREA

CALL DIDEGI(T33,A4,XPR)

CALL DIDEGI(T33,A2,XMUFI

CALL DIDEGI(T2,A2,XMUW}

XMUF-×MUF*0.000672
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M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

FI000

C

XMUW-XMUW*O.000672

DH-0.072/12.

XXL-22.6/12./3.

REY-4.0tXMDOT6/(3.14159*DH'XMUF)

XNU-.0668*REY'XPR'(DH/XXL)/(I.÷.04*(REY*XPR'(DH/XXL))''.6667)

XNU-(3.66+XNU)*(XMUF/XMUW)""0.14

CALL DIDEGI(T33,A5,XCOND)

XCOND-XCOND/3600.

XHC'XNU*XCOND/DH

AREA-3.14159*DH*×XL

GI9-XHC'AREA

CALL DIDEGI(T35,A4,XPR)

CALL DIDEGI(T35,A2,XMUF]

CALL DIDEGI(T2,A2,XMUW]

XMUF-XMUF*O.000672

XMUW-XMUW*0.000672

DH-0.072/12.

XXL-22.6/12./3.

REY-4.0"XMDOT6/(3.14159"DH*XMUF)

XNU-.0668"REYtXPR_(DH/XXL)/(I._.04*(REY'XPR"(DH/XXL)]''.6667)

XNU-(3.66+XNU)t(MMUF/XMUW)**0.14

CALL DIDEGI(T35,A5,XCOND)

XCOND-XCOND/3600.

XHC-XNU'XCOND/DH

AREA-3.14159*DH*XXL

G20-XHC*AREA

CALL DIDEGI(T37,A4,XPR)

CALL DIDEGI(T37,A2,XMUF)

CALL DIDEGI(T2,A2,XMUW)

XMUF-XMUF*O.000672

XMUW-XMUW*0.000672

DH-0.072/12.

XXL-22.6/12./3.

REY-4.0*XMDOT6/(3.14159*DH_XMUF)

XNU-.0668"REYtXPRt(DH/XXL)/(I.+.04"(REYtXPR*(DH/XXL))*_.6667)

XNU-(3.66*XNU)'(XMUF/XMUW)t*O.14

CALL DIDEGI(T37,AS,XCOND)

XCOND-XCOND/3600.

XHC=XNU*XCOND/DH

AREA=3.14159*DH*XXL

G21-XHCtAREA

CONTINUE

C'_HEAT INPUT FROM ACTUATOR HEATER BLANKET

C""TO ACTIVATE THIS OPTION REMOVE COMMENTS

Q2-Q2+300.t3.413/3600.CM

C

M

M

CM

CM

M

M

C

IF(T39.LT.10.)GO TO 400

IF{JTEST.EQ.I)GO TO 400

G7-5.0134E-4

GS-5.8E-5

GI08-.031772

GO TO 450

C*'SIMULATED APU START PRESSURES

C''TO ACTIVATE THIS OPTION REMOVE COMMENTS

c

CM400 TI00-3000.

CM TI02-250.

CM CALL DIDEGI(T6,AI,RHO)

C
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C*"JOULE-THOMPSON HEATING

C*_TO ACTIVATE THIS OPTION REMOVE COMMENTS

C

CM Q6-Q6*GI01*(TI00-TI01)"((TI00-TI01)*I44.)'0.001285/RHO

CM CALL DIDEGI(T9, AI,RHO)

CM Q9.-Q9+GIO2*(TI00-TI01)"((TIOO-TI01)'I44.)'O.001285/RHO

CM CALL DIDEGI(TIg, AI,RHO)

CM QI9-QIg+GIO3"(TI00-TI01)'((TI00-TIOI)"I44.) "0.001285/RHO

CM CALL DIDEGI(T20,AI,RHO)

CM Q20-Q20+GI04*(TI00-TI01)*((TI00-TI01)'I44.)'O.O01285/RHO

M400 GI08-O.

C''CAN BE USED TO SIMULATE LIQUID HYDROGEN

C''RECIRCULATION PUMP CYCLIC OPERATION

C''TO ACTIVATE THIS OPTION REMOVE COMMENTS

Ct'AND COMMENT OUT PREVIOUS STATEMENT 400

C

CM400 G7-5.013E-4/5.0

CM GS-5.SE-5/5.0

M JTEST-I

M450 CONTINUE

C

C

F

C

C FLOW

C

M

M

M

M

M

M

M

M

M

M

M

M

M

C

C

F

F

C

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

RATES IN GPM

CALL DIDEGI(T6,AI,RHO)

TII01-60.'GI01"(TI00-TI01)/RHO/0.1337

CALL DIDEGI(T9,AI,RHO)

TIIO2=60.tGIO2*(TIOO-TIOI)/RHO/O.1337

CALL DIDEGI(TI9,AI,RHO)

TII03-60.'GI03t(TI00-TI01)/RHO/0.1337

CALL DIDEGI(T20,AI,RHO)

TIIO4-60.*GI04"(T!O0-TI01)/RHO/0.1337

CALL DIDEGI(T29,AI,RHO)

TII05-60."GIO5"(TIOI-TI02)/RHO/0.1337

CALL DIDEGI(T35,AI,RHO)

TII06-60.'GI06"(TI01-TI02)/RHO/0.1337

TII07-TII06+TII05

WRITE(3,1)TIMEO, (T(1),I'I,NNT)

i FORMAT(EIO.3/,250(TFI2.3/))

C THREE COLUMN OUTPUT ROUTINE, STNDRD

C

F IF(NPAGE.EQ.0 .OR. NLINE.GE.56)CALL TPLIN

F J-LNODE+NCSGMN

F II=NX(J)

F IF(J.LE.LNODE) II=O

F JzLNODE+NDTMPC

F I2-NX(J)

F IF(J.LE.LNODE)I2-0

F J=LNODE÷NARLXC

F 13-NX(J)

F IF(J.LE.LNODE) I3-0
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F

F

F

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

C

C

F

F

F

F

C

WRITE(6,9)TIMEN,DTIMEU, II,CSGMIN, I2,DTMPCC, 13,ARLXCC

FORMAT(/,IIH **'***'''*/6H TIME-FI2.5,SX,8H DTIMEU-IPEI2.5,

8H CSGMIN(I6,2H)-IPEI2.5,/,18X,8H TEMPCC(I6,2H)-IPEI2.5,

8H RELXCC(I6,2H)'IPEI2.5)

NLINE-NLINE+4

THREE COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (6, i00)

I00 FORMAT (IH)

NLINE-NLINE+I

J-i

L-3

5 IF(L.LT.NNT)GO TO I0

L_NNT

i0 WRITE(6,101) (HT, NX(I+LNODE),T(I),I _ J,L)

i01 FORMAT (3 (IX, AI, I6, IH-, FI2.5, IX) )

IF(NLINE.LE.56)GO TO 15

CALL TPLIN

WRITE(6,100)

15 NLINE=NLINE+I

IF (L. EQ. NNT) RETURN

J'L+I

L-L+3

GO TO 5

END

THREE COLUMN OUTPUT PAGE ROUTINE

I00

SUBROUTINE TPLIN

WRITE(6,100)

FORMAT(/////,IX,'GASKI PC-SINDA, THREE COLUMN OUTPUT',/)

CALL TOPLIN

RETURN

END

BCD 3END OF DATA
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Model Output

(C) COFYRIe-MT 1902, _903. [984. _$85, _986, 1907 J.D,GA_KI SIMDA/19$7/AMSl i .31 NETN_RK A_ALYSI$ A_SOC_ATE$. IHC, - FAGZ

TEST, PC-$ I_DA

*** NOTE * * SMI_36D P.I_ZIt_ 42 DY!qADIIC STORA e_ LOCATIONS OUT Cf L09 _VAILABLE *'*

TIMEo 0.00000

TlmPCC (

T _- 100.00000 T

T 39- 100.00000 T

? 6-" 100.00000 T

T 15- 100.00000 T

T 23- 100.00000 T

T 29- 100.00000 T

T 33- 100.00000 T

T 41- -420.00000 T

DTL_O,,, 0.00000E÷O0 CSC,MIN( 0)-- 0.00000E+00

01- 0.00000E÷O0 RELXCC( 0)- 0.00000E+00

2- 100.00000 T 40- 100.00000

99- 14.79999 T 4- 100,00000

9"- 100.00000 T 12- 100.00000

19- 100.00000 T 20- 100.00000

25- 100.00000 T 27- 100.00000

31- 100.00000 T 33- 100.00000

37- 100.00000 T 101- 250.00000

42- 30.00000 T 999-- |0.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.19414
T 1102- 0.19414 T 1103- 0.19414 T 1104- 0.19414

T 1103- 2.30394 T ll0&- 2.14||| T 1107- 4.452|2

SNHOSD RUN, ARL_CA-O.10000E-01, DRLXCA-O.10000E-01o BALENG-O,10000E-02, BBNODB-O,50OOOZ-03. NrX3OP- 1000

• ** _GTE *** RJ_7.,q.V_TION CRITBRZA HAS BEEN MET IrETN LOCB'CT - 11

ENG2M_L --0.104769B-03 AT LOG_CT - 11

• "" NOTE _** SYSTEM ENERGY BAIJ_CX cRITERIA HAS BEEN MET. ZNGBAL --0.104769E-05. L_OPCT - 11

EBNCOE( 39)_0,1342|0B-05 AT L_OPCT- 11

• *" _OTB '** NCOAL ENERGY 8AIAMCE CRITERIA HAS BEEN MET. EBNCOB( 391_0.1342|00-05, LEOPCT - Ii

o*,****t**

TIME" 0.00000
TER_CC(

DTIMEU,,, 0.00000E+00 CSGMIN ( 0)- 0.00000K÷00

0]- 0.00000E+00 RZLXCC( I2)--2.44141E-04

T I- 44.33101 T 2-- 53.17072 T 40- 9,|3337

T 3_" 74.44141 T $9" -412.48600 T 4- 79.34534

T _- 79.0|533 T 9" 79.0|533 T 12-- 84.53101

T 15- 64.53101 T 10- 79.01533 T 20-- 79,08533

T 23-- 78.88922 T 25" 78.89537 T 27-- 77.97424

T 2_kn 77.26486 T 31- 76.57928 T 33-- 77.89990
T 35- 77,12372 T 37" 74.36670 T 101" 144.21080

T 41" -420.00000 T 42- 30.00000 T 999- 80.00000

T 100-- 400,00000 T 102" 100.00000 T 1101- 0.32789

T 1102- 0.32749 T 1103- 0,32709 T [104- 0.32749

T 1105- 0.67202 T 110(_ 0.63042 T [107- 1,31044

I(C] COPYRIGHT 1982,1913,1984,1945.1916.1987 J.D.GASKI $lNDA/1947/ANSI 1.31NETNORK ANALYSIS A$$OCIATE$, INC. - FA rnr

TEST. ?C-$IMDA

*"" _OTB *** SNIrRDL RF._UIRF_ 37 DYNAMIC STORAGI LOCATIONS OUT OF 109 AVAILABLZ ***
TIMEND-- 7200,0 . CSGFAC- 1.0000 . DTTJ4EI- 20.000 . NLO(6P - I000

TIMEO - 0.00000 . OUTPUT- 100.00 , DTIMEH-- 20.000 , DTIMEL- 0.00000

ARLXCA- 0.[0000E-01. AT_CA- 0,10000E+09, DRLXCA-- 0,10000E-01, DTMPCA,- 0,10000E*09

TIME- 0.00000 DTIMEU"" 0.00000E÷00 CSGMINI 0)-- 0.00000E+00

TEMPCC[ 0l- 0.00000K÷00 RELXCCI 0)- 0.00000K÷00

T i- 64.53101 T 2- 53.17072 T 40- 9.83337

T 39-" 76.44141 T 99- -412.48600 T 4- 79.34534

T 6- 79.08533 T 9- 79.00533 T 12- 64.53101

T 15- 64.53101 T 19- 79.08533 T 20- 79.08533

T 23- 71.18922 T 25- 78.69537 T 27- 77.97424

T 29- 77.26016 T 31- 76.57921 T 33- 77,|9990

T 35- 77.12372 T 37- 74.36670 T [01- 144,21050

T 41- -420.00000 T 42- 30.00000 T 999- 80.00000

T 100- 400.00000 T 102- I00.00000 T 1101- 0,02060

T 1102- 0.02060 T 1103- 0.02060 T 1104- 0.02040

T 1105- 0.01510 T 1106-- 0.01497 T 1107- 0.03000

TIME- [00.00000 DTIMEU- 2.00000B+01CSGNINI
T_C( 39)_2.04367E+00 RELXCC{

T [- 61.8226$ T 2- 31,22379 T 40-
T 39- 65.43909 T 99- -412.69230 T 4--

T 6- 74.21826 T 9.- 74.21826 T 12-

T 13- 61.62265 T 19- 74.21826 T 20-

T 23- _3.09013 T 25- 72.05473 T 27-

T 29- 61.70217 T 31- 37.13459 T 33-

2)- 2.42721Z_01
1019- 0.00000K+O0

-1.73952

75.79657

41.82288

74.21826

44.47211

66.05667

T 35- 81.13770 T 37-

T 41- -420.00000 T 42- 30.00000 T 999-

T 100- 400.00000 T 102- 100.00000 T [101-

T 1102- 0.01656 T [103- 0.01654 T [104-

T [10S- 0.03334 T 1106- 0.03233 T L[07-

...o***.**

TIME- 200.00000
TERUPCCI

T i- 50.06744 T

T 39- _8.85760 T

T 6-- 73,07201 T

T 15- 51.06744 T

T 23" 71.71790 T

T 29" 59.39722 T

35- 58.65826 T
41" -420.00000 T

T 100- 400.00000 T [02-

T L102- 0.01610 T 1103-

57.02173 T 101- 233,53530

80.00000

0.01656

0.01654
0.04517

_TIMEU-- 2.00000B+01CSGHIM( 2)- 2.43553K*01

39)_9.79067E-01RBLXCT( [01)- 0.00000E÷00

2- 33.89685 T 40- -8,52771

99- -412.77430 T 4-- 74.96641

9- 73.07201 T 12- 58.06744

19- 73.07201 T 20- 73.0725[
25- 70.47337 T 27- 64.46130

31- 53.10504 T 33- 64.02472

37- $4.[7542 T 101- 240,38310

42- 30.00000 T 999- 80.00000

[00.00000 T [101- 0,0[6[8

0.01818 T _104- 0.01618
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T 1103-- 0.03265 T 110(" . 0.03167 T 1107- 0.06432

C.A3RZ PC-SZKDAo I"HPJ_ COLUMN OUTPUT

I_C) COPYRIGHT 1902,1)03,1914,190S,1906.1907 .T.D.G._R! $ZNOA/I$I?/ANS! 1.31 NETIlIORK Nq_J_YSZ5 A35OC2ATZ$, _NC. - PAG_

T_T, PC -S IN'_A

TI_',IB- 300.00000 _T'DIEU- 2.00000E÷01 C$GMIN( 21- 2.444490÷01

TI_M]PCC( 1)--6.t37000-01 RELXCC( 101)-- 0.00000E÷00

T 1- $4.66209 T 2- 30.67325 T 40- -9.61|35

T 39" 53.19976 T 99'- -412.|2i00 T 4-- _4.1601i
T &" 71.95929 T 9-- 71.95929 T 12- 54.66203

T 15- 54.66205 T I9-- 7t,$5929 T 20- 71.95929

T 23-- ?0.38342 T 25.- 6|.H312 T 27- 62.&4439

T 2_1-. 57.31232 T 31- $2.79614 T 33- 62.19463

T 33- 56.53259 T 37- 51.|1546 T 101- 247.01610

T 41- -420.00000 T 42-- 30.00000 T 999-- |0.00000
T 100- 400.00000 T 102- 100.00000 T 1101- 0.01504

T 1102- 0.01504 T 1103- 0.01584 T 1104- 0.01504

T 1105- 0.03195 T 1106" 0.03096 T 1107- 0.06293

TI)'_- 400.00000

TEMPCC(

T 1- 51.47|30 T

T 39,- 52.52??7 T

T 6-- ?0.90116 T

T 15- 51.47|30 T

T 23- 69.12366 T

T 2_ , 55,40674 T

T 35-- 54.59656 T

T 41- -420.00000 T

D't'LqEU-. 2.000000÷01 CSG_IN( 2)- 2.490500+01

1)_6.191050-01 RELXCC( 101)- 0.00000Z+O0

2- 27.70140 T 40- -12.29554

99- -412.|7470 T 4-- ?3.39465

9"- 70.901|E T 12- 51.47033

I_1- 70.90116 T 20- ?0.90116

25- 67.50604 T 27- &0.96747
31- 50.69934 T 33- 60.41999

37- 49.&8060 T 101- 252.00540

42- 30.00000 T 999" |0.00000

T 100-- 400.00000 T 102-- 100.00000 T 1101-

T 1102- 0.01554 T 1103-- 0.01554 T 1104-

T 1105- 0.03132 T 1106- 0.03039 T 1107-

TrY,E- 500.00000

TEH.PCC(

T I- 49.50934 T

T 39- 50.2|470 T

T 6- 69.90|94 T

T I5- 4|.50934 T

T 23- &7._4_16 T

T 29-- 53.63361 T

T 35-- 52.70796 T

0.01554

0.01554

0.06171

DTD'IJ_U- 2,000000+01 C$CJ4IN( 2)- 2.455690+01

L)--5.7740|E-01 RELXCC( L01)- 0.000000+00

2- 25.09799 T 40- -14.77039

99--- -412.91790 T 4- 72.67639

9- 69,90894 T 12- 48.50934

19- 69.90094 T 20o 69.90194
25- 66.16626 T 27- 59.40356

31- 48.74570 T 33-- 51.90173

37- 47.67|92 T 101_ 257.92110

T 41- -420.00000 T 42- 30.00000 T 999-- 10.00000

T 100-- 400.00000 T 102- I00.00000 T 1101- 0.01527

T I102- 0.01527 T 1103- 0.01527 T 1104- 0.01527

T 1105- 0.03076 T 1106- 0.02905 T 1107- 0.06061

TZ,"_- 600,00000 DTIMEU- 2.00000E+01 CSGIHXN( 2)- 2.46007E+01

TF-.HIPCC( L)--5.390450-01 RELXCC( I01)- 0.00000E÷00

1- 45.73156 T 2- 22.60311 T 40- -17.0614139- 48.24652 T 99- -412.95|00 T 4- 72,00769

C_SKI PC-SINDA, THREE COLU_I OUTPUT

L(CI COPYRIGHT i9|2.1983. 1914. 1915. 19e6. 1987 J.D.G,I_KI SINDA,/19|?/ANSI 1.31 HETNORK N_J_J, YSrS ASSOCIATES, INC. - PACE

TEST. PC-SINOA

T 6- 69.00079 T 9-

T 15-- 45.73|56 T 19"
T 23- 66.47213 T 25"

T 29 _ 51.96692 T 31-

T 35- 51.09290 T 37-

T 41- -420.00000 T 42-

T 100- 400.00000 T I02--

T LI02- 0.01502 T II03-

T 1105-- 0.03024 T 1106-

TIP_- 700.00000

T_PCC(

T 1- 43.15100 T

T 39"- 46.34760 T

T 6,- 60.14404 T

T 15- 43.15100 T

T 23- &5.|5620 T

T 29- 50.39099 T

T 35- 49.47805 T

T 41- -420.00000 7

T _00- 400.00000 T

T _102- 0.01470 T 1103- 0,01479 T 1104-

T 1105- 0.02971 T 1106- 0.02007 T 1107-

TI.'_- 800.00000 DTIMEU- 2.000000+01 C$GMIN (
T,F.,HPCC( 1)--4.71575E-01RELXCC(

T I- 40,73013 T 2- 10.07113 T 40-

T 39- 44.54037 T 99- -413.03060 T 4--

69.00079 T 12- 45.73056

69.000?9 T 20- 69.00079

64.93396 T 27- 57.99591

46._0229 T 33- 57.41699

45.|00_6 T 101- 262.53000

30.00000 T 999- IO.OO000

100.00000 T 1101- 0.01502

0.01502 T 1104- 0.01502

0.02936 T _i07- 0.05960

DTIRQZU-- 2,000000+01CSC_.J, IIN( 2)- 2.46390[÷01

1)---5.03539_-01RELXCC( I01)- 0.00000E+00

2- 20.274|1 T 40-- -L9.21121

99- -412.99540 T 4-- 71.37402

9" 60.14404 T 12- 43.15100

19- 60.14404 T 20-- 68.14404

25-- 63,77246 T 2?- 56.54926
31" 45,15964 T 33" 56.00818

37- 44.01196 T 101- 2_6.7|170

42- 30.00000 T 999- IO.00000

102- 100.00000 T ii01- 0.01470

0.01470

0.05864

2)- 2.467630_01

_011- 0.00000Z÷00

-21.22546

70.75867
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T 6, 67.314)4 T 9- 67,31494 T 12- 40.73010
T 15- 40.73013 T 19, 67,31494 T 20- 67.31494

T 23- £4.47494 T 2S- 62.43247 T 27- $S.20llE

T 29, 48.1E078 T 31- 43,47092 T 33-- $4.620|3

T 35- 47.|E469 T 37- 42.22229 T 101- 271.$3770

T 41- -420,00000 T 42- 30.00000 T 999- 40.00000

T 100- 400.00000 ? 102- 100.00000 T 1101- 0.01450

T 1102- 0.01450 T 1103.- 0.014$0 T 1104- 0.01450
T 1105- 0.02930 T 1106- 0.02121 T 1107- 0.05751

TZI_- 900.00000

TIQ_CC(

T 1- 31.45933 T

T 39, 42.79626 T

T 6-- 66.52594 T

T 15- 31.45935 T

T 23- 63.M23| T

T 29, 47.30016 T

T 35- 46.36041 T

T 41- -420.00000 T

9¢1_¢_ 2.00000E+01C7GlqZX( 2)- 2.47097E+01

1)--4.43220¢-01PJEIJ(CC( 101)- 0.000004+00

2- li.00llS T 40o -23.12674

99, -413.06310 T 4- 70.17151

9- 46.52S94 T 12- 35.45935

Lg, 66.52594 T 20. 66.525_NI

25" 61.50099 T 27- 53.$2316

31- 41.|3630 T 33- 53.3200?

37- 40.55936 T 101 ° 276.28070

42-- 30.00000 T 999, 80.00000

GASKI PC-SI_DA, THPJ_ COLUMN OUTPUT

L(C) COPYRIGHT 1912,1913,1984o 191S, 1%06, 1987 J.OtCJ_EI SINDA/19i?/_qSI 1.31 _'tWORK N(ALYSI3 _SOCZATZ3, INC. - ?AGZ

TEST. PC-SI_

T ;00- 400.00000 T 102- 100.00000 T 1101- 0.01423
T 1102- 0.01423 T Ii03- 0,01423 T 1104- 0.01423

T 1105- 0.02174 T 1106,'- 0.02?65 T 1107- 0.05643

TI_- 1000.00000
TDfCC{

T L- 36.32233 T

T 3_ 41.14133 T
T 6-- 65.10334 T

T $5- 36.32233 T

T 231 63.08508 T

T 29, 45.99829 T

T 35- 44.95401 T

T 41- -420.00000 T

DCIPt_U-- 2.000004+01 CSGNZN ! 2)- 2.473904+01

1)--4.1714$E-01RELXCCI 10l)-- O.O0000E+O0

2- 14.06(86 T 40- °24.91132

99- -413,09490 T 4_ 69.63?02
9, _5.|0334 T 12- 36.32233

19, 65.00334 T 20- 65.80334

25- 60.60150 T 27- 52.92?60

31- 40.00505 T 33- 52.10980

37- 30.99664 T 101- 280.49140

42- 30.00000 T 999, |0.00000

T 100- 400.00000 T 102- 100.00000 T lI01- 0.01399

T 1102- 0.01399 T 1103- 0.01399 T i104- 0.01399

T 1105- 0.02824 T 1106- 0.02722 T 1107- 0.05543

TIME- 1100.00000

T1Q_CC(

T 1- 34.31009 T

T 39, 39.$7321 T

T 6- 45,12621 T

T 15- 34,31009 T
T 23-- 62.27093 T

T 29, 44.68435 T

T 35- 43.62115 T

T 41- °420.00000 T

OTIMEU- 2.00000E÷01 CSC.,MIN( 2)- 2.47643Z+01

1)--3.92150£-01 REL,XCCI 1011- 0.00000E+00

2- 12.24063 T 40-- -26.58832

99-- -413.12420 T 4- 69,14185

9- 65.12E25 T 12- 34.31009

19, 65.12628 T 20- 65.1262|
25- 59.683?2 T 27- 51.59625

31- 38.84921 T 33- $0._6417

37- 3?.51093 T L01- 284.30460

42- 30.00000 T 999, 80.00000

T 100- 400.00000 T i02- 100.00000 T _101-
T i102- 0.01377 T 1103- 0.01377 T I104-

T ii05- 0.02777 T 1106--. 0.02671 T 1107-

T_- 1200.00000
TER_CCI

T _- 32.41455 T

T 39, 38.07855 T

T 6, 64.47910 T
T 15" 32.41435 T

T 23-- 6_.50%70 T

T 29, 43.43433 T

T 35- 42.34531 T

T 41- -420.00000 T

0.01377

0.01377

0.05455

D'I'IMEU- 2.00000R+01 CSGMIN( 2)- 2.47|714+01

1}--3.70165E-01 RELXCC( 101)- 0.00000E+00

2- 10,51404 T 40- -28.16179

99, -413.15180 T 4- 61.66791
64.47910 T 12- 32.41455

19, 64.47580 T 20- 64.47980

250 58.7%675 T 27- 50.51199

31- 37.45433 T 33- 49.06£10

37- 36.09100 T _01- 287,81230

42- 30.00000 T 999, 80.00000

T 100-- 400.00000 T 102- 100.00000 T L101- 0.01356

T 1102-- 0.01336 T 1103- 0.01356 T _104- 0,01356

T 1105 ° 0.02735 T 1106, 0.02637 T 1107- 0.05370

TI_'_- L000.U0000 DT_U- 2.00000E+01 CSG/4IN( 2)- 2.442544÷01

TD_CCI 1)--3.494184-01RELXCC( 101)- 0.00000E+00

T 1- 30.62714 ? 2- 8.07384 T 40- -29.66000

CASKI PC-SIMOA. THREE COLU[_I OUTPUT

L(C) COPYRIGHT 1942,1983.1914. 1985. 1916. 1987 J.D.GA3KI SINDA/19|7/ANSI 1.31 NETWORK ANALYSIS ASSOCIATES. INC. - PAGE

TEST. PC-SIN_A

T 39, 36.63444 T 99- -413,17400 T 4- 68._497

T 6-- 63.06243 T 9- 43.86243 T 12- 30.62754

T 15- 30._2714 T 19-- 63.16243 T 20- 63.16243

T 23- 60.7?530 T 25- 5?.95007 T 27- 49.50958

T 29, 42.2950_ T 31- 36.19672 T 33- 48.84479

T 35- 41.1|0$I T 37- 34.80471 T 101- 290.98330

T 41- -420.00000 T 42- 30.00000 T 999, 40.00000
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T 100- 400.00000 T 102- 100.00000 T 1101-

T 1102- 0.01337 T 1103- 0.01337 T 1104-

T 1105- 0.02694 T 110_. 0.02600 T 1107-

i*****l.gl

T2_- 1400.00000

TERIPCCI

T 1- 20.03655 T

T 39- 35.37341 T
T &" 63.23724 T

T 15- 20.93655 T

T 23- i0.10211 T

T 29-- 41.27906 T
T 05- 40,14951 T

T 41- -420,00000 T

0.01337

0.01337

0.05290

DT,T./SZU- 2.00000g+01 C$C_qlW( 2)- 2.41764Z+01

1)--3.300722-01 AZL.XCC( 101)- 0.000000+00

2- 7.29932 T 40- -31.1103|
99-. -413.20320 T 4- 67.40004

9- 63.29724 ? 12- 28.93650

19- 63.29724 T 20- 63.29724

25- 57,17242 T 27- 41.60474
310 35,00017 T 33'- 47.93018

37- 33.6687& T 101- 293.654_0

42- 00.00000 T 999- 10,00000
T 100- 400.00000 T 102- 100.00000 ? 1101-

T 1102- 0.01320 T 1103- 0.01320 T 1104-

T ll0S- 0.02660 T ll0k" 0,02568 T 1107-

e,******t*

TL_I- 1500.00000

T'G_CC(

T 1- 27.33444 T

T 39- 34.18445 T

T 6- 62.76831 T

T 15-- 27.33444 T

T 230 59.46811 T

T 29- 40.31720 T

T 35- 39.09146 T

T 41- -420.00000 T

T 100- 400.00000 T

0.01320

0.01320

0.05220

DTIMEU-- 2.00000E÷01 CSGMIN4 2}- 2.492390+01
L)_3.13708R-01 REL,XCC( 101)- 0.00000E+00

2- 5.10401 T 40- -32.47720

99- -413.22710 T 4- 67,41321

9- 62.76031 T 12- 27.33444

I_" 62.76131 T 20- 62.76031

23-- 56.44116 T 27- 47.74976

01- 34.02069 T 33- 47.02140

37-- 32.49246 T 101" 296,45040

42-- 30.00000 T 999-. 80.00000

102- 100.00000 T 1101- 0.01302
T 1102-

T II05-

TI_- 1600.00000

TI_,_CC(

T 1- 25.81213 T

T 39- 33.02461 T

T 6- 62.231|1 T

T 15- 25.81213 T

T 23- 58.12635 T
T 29- 39.32962 T

T 35-- 31.00299 T

0.01302 T 1103- 0.01302 T 1104- 0,01302

0.02634 T 110_' 0.02520 T 1107- 0,05154

_T_U- 2.000000+01 CSG_4IN{ 2)- 2.49614E÷01

I)--2.965400-01 RELXCC( 101)- 0.00000_+00

2- 4.37103 T 40-- -33.70564
99- -413,24990 T 4-- 67.01849

9- 62.23161 T I2- 25.01213

1_k" 62.231|1 T 20- 62.231ll

25- 55.70104 T 27-- 46.17701

31- 32.93619 T 03- 46.09091

37-- 31.28522 T 101- 299.60810

GASKI PC-SIMDA0 THREE COLUP_ OUTPUT

I(C) COPYRIGHT 1912,19i3,1984,198501916,1917 J.D.GASKZ SINDA/1907IARSI 1.31 NETWORK _ALYSrS ASSOCIATES, INC. - PAGE

TEST, PC-SINDA

T 41- -420.00000 T 42" 30.00000 T 999" 80.00000

T I00- 400.00000 T 102- 100.00000 T 1101- 0.012|1

T 1102- 0.01281 T 1103" 0.01281 T 1104" 0.01241
T 1105" 0.02601 T 1106" 0.02467 T 1107- 0.05060

T2_"_- 1700.00000

TEMPCC(

T I- 24.35953 T

T 39-- 31.86121 T

T 6- 61.68353 T

T 15- 24.35953 T

T 23- 50.17157 T

T 29" 38.21460 T 31-

T 35- 36.94455 T 57-

T 41- -420.00000 T 42-

T 100- 400,00000 T 102-

T 1102- 0.01258 T 1103-

T 1105- 0,02552 T 1106,-

**********

TZ)_Z- 1000.00000

TER_CC(

T 1- 22.96991 T

T ]9 ° 30.70679 T

T 6" C1.I4661 T

T 15" 22.96908 T

T 23-- 57.53082 T
T 29-- 37.26315 T

T 05- 35.91077 T

T 41- -420.000OO T

DTIMEU- 2.00000E÷01 C3GMIN ( 2}-- 2.50089E+01

i)--2.85341Z-01 RELXCCI I01)-- 0.00000E+00

2- 2.99010 T 40- -35.04536

99- -413.27200 T 4-- 66.61340

9-- 61.68353 T I2- 24.35953
19'- 61.683S3 T 20 ° 61.68353

25-- 54.95046 T 27-- 45.96606

31.78738 T 33- 45.17181

30.12167 T I01- 303.21070

30.00000 T 999- 80.00000

100.00000 T 1101- 0.01250

0.01258 T I104- 0.01250

0.02424 T 1107- 0.04977

DTI.MEU- 2.000000÷01CSGMIN( 2)- 2.504560÷01

1)--2.730770-01R[LXCC( 101)- 0.00000E+00

2- 1.66827 T 40- -36.25336

99-- -413.29310 T 4- 66.21613

9,- 61.i4661 T 12- 22.96991

19-- 61.14661 T 20- 61.14661

25-- 54.21570 T 27- 45.07623

31- 30.66544 T 33 _ 44.27304

37- 28.90065 T 101- 306.52430

42- 30.00000 T 999- 10.00000

T 100- 400.00000 T I02- 100.00000 T 1101- 0.01236

T 1102- 0.01236 T 1103- 0.01236 T II04- 0.01236

T Ii05- 0.02506 T 1106" 0.02303 T 1107- 0.04890

**,*o*,***

TZHE- 1900.00000 _TI_U- 2.00000E*01 CSC,MINI 2)- 2.50791E*01

TFJdPCC( I)--2.61544E-01 RELXCC( 101)- 0.00000E÷00

T i- 21.63940 T 2- 0.40070 T 40-- -37.41095

T 3g'- 29.5740[ T 9_ -413.31330 T 4m 65.82825

T 6- 60.62311 T 9-- 60.62311 T 12" 21.63940

T 15o 21.63940 T 1_" 60.62311 T 20- 60.62511

T 23-- $6.90637 T 25-- 53.50012 T 2?- 44.20740

T 29'- 36.26660 T 31- 29.57251 T 39- 43.39603
T 35- 34.90216 T 37- 27.86477 T 101- 309.61710

T 41- -420.00000 T 42-- 30.00000 T 999-- tO.00000

T I00-- 400.00000 T 102-- 100.00000 T 1101- 0.01215
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T 1102-- 0. =_ _i$ T 1103-- " 0.01215 T 1104- 0.01213

T 1105-- 0. _" 43 T 110(,- 0.02344 T 1107- 0.04007

CJ_KI PC-SINOA. TR_KIt COLUI_( OUTPW_

I(C) COPYlq2GHT 1902.1983,1904,1903.1986.1907 J.D.Cdi.SKI SINOAJl3|?/_SI 1.31 HETNORK NiJ_LYSI5 ASSOCIATI£5. INC. - PAG_

TE3T. PC-S _)¢DA

TI_- 2000.00000
TOIPCC(

T 1- 20.36433 T

T 39- 21.41117 T

T i- E0.11271 T

T 15- 20.3G433 T

T 23- 50.29797 T

T 29- 35.3029l T

T 35- 33.32i12 T

T 41- -420.00000 T

DTZI, BCV- 2.000006+01 CSG_4ZN( 2)- 2.3111|E÷01

1)--2.50?156-01 REIJ(CC( 101)- 0.00000Z+00

2- -0.11702 T 40"- -31.52102

99- -413.33270 T 4- 65.4457?

9- 60.11279 T 12- 20.36453

19- 60.11279 T 20- 60.11279

2_- 52.80341 T 2?- 43.36499

31- 21.51944 T 33- 42.54572

37- 26.81900 T 101- 312.45910

42- 30.00000 T 999- |0.00000

T I00- 400.00000 ? 102- 100.00000 T 1101- 0.0111i

T 1102- 0.01194 T 1103- 0.01196 ? 1104- 0.011H

T 1105- 0.02422 T 1100- 0.0230? T 1107- 0.04?29

,,i,,i • .tl

TI_- 2100.00000
TDIPCC(

? 1- 11.1_182 ?

T 39- 27.40039 T

T 6-. 59.61602 T

= 15- 19.14115 T

T 23- $$.?0?02 T

T 29, 34.3?355 T 31-

T 35- 32.38820 T 3?-

T 41- -420.00000 T 42-

T I000 400.00000 T 102-

T 1102- 0.01171 T 1103--
T 1105-- 0.023@4 T 1100-

TLuE- 2200.00000

TF.t_CC(

T I- I?.HISl T

T 3_" 26.30554 T

T 6- 59.13373 T

? 15- 17.96851 T

T 23- 55.13391 ?

T 29, 33.4?263 T
T 35- 32.07422 T

T 41- -420.00000 T

DTI_0- 2.000006+01 CSGl, lIN( 2]- 2.514362÷01

1)--2.40508[-01 _.I_I,XCC( 101)- 0.00000E÷00

2- -1.90749 T 40- -39.59024
99, -413.35140 T 4- 65.00429

9-- 59.i16|2 T 12- 19.14182

l_k- 59.61682 T 20- 59.01t02

25- 52.12142 T 27- 42.55219

29.50721 T 33- 43.72537

25.794?4 T _01- 31a.15230

30.00000 T 999,- 10.00000

100.00000 T 1101- 0.01171
0.01170 T 1104- 0.01176

0.022?2 T 1107- 0.04656

DTZ._U- 2.000006÷01 C$GMIN( 2)-- 2.51?2|E+01

I)--2.301266-01 _F.,LX_( 101)-- 0.00000t+00

2- -3.11111 T 40- -40.61501

99,,- -413.31930 ? 4- t4.73004

9-- 59.13373 ? 12- 17.96|51

19-- 59.13373 T 20- 59.13373

25- 51.47284 T 2?- 41.71111

31- 2t.52201 T 33- 40.92671
37- 24.79?55 T 101- 317.i3370

42- 30.00000 ? 999- IO.00000

T 100- 400.00000 ? 102- 100.00000 T 1101- 0.01160

T 1102- 0.01110 T 1103- 0.01160 T 1104- 0.01160

T 1101- 0.0234? T 1106- 0.02239 T 1107- 0.04586

?_- 2300.00000 _rIHEU- 2.000006÷01 CSG_4IN( 2)- 2.519976+01

TD_CC( I)--2.216446-01 RELXCC( 101)- 0.00000K+00

T I- 1t.14213 T 2- -4.19034 T 40- -4L.t0010

T 39- 25.36096 T 99- -413.30t$0 T 4- 14,38434

GASKI PC-SINDA. THAEE COLUM_ OUTPUT

I(C) COPYRIGHT 1982.1913,I914. 19|5. 1916, 1917 J.D.GA_KI $INDAJ13|7/H_SI 1.31 NETMORK ANALYSIS ASSOCIATKS. [NC. - PAGE

TKST. PC-SlMDA

T 6-- _|.66216 T 9" 5|.16266 T 12" 16.|4213

T 15" 11.14213 T 19, 51.16266 ? 20" 51.16266

T 23" 54.57451 T 25-- 50.13435 T 2?" 40,91993

T 29" 32.59265 T 31" 25.36250 T 33-- 40.14107

T 35" 31.18335 ? 3?-- 23.82651 T 101" 319.96110

T 41" -420.00000 T 42- 30.00000 T 399, 80.00000

T 100- 400.00000 ? 102" 100.00000 ? 1101- 0.01144

T 1102- 0.01144 T 1103-" 0.01144 T I104- 0.01144

T 1101- 0.02312 ? 1101- 0.02201 T 1107- 0.04520

T[MZ- 2400.00000

T 1- 15.71022 T

T 39" 24.38330 T

T 6-- 58.20335 T

T 15- 15.76022 T

T 23- 54.02905 T

T 29, 31.73593 ?

DT.TJ_U- 2.000006÷01 CSGI4IN( 2)- 2.522436+01

1)--2.1292(dg-01 RELXCC( 101)- 0.00000E+00

2- -5.22720 T 40- -42.34?09

99" -413.40300 ? 4- t4.04?18

9" _8.20355 T 12- 1$.71022

19- 51.203$$ T 20- 50.20355

23- 50.212|0 T 27- 40.238?4

31- 24.12903 T 33- 39.3843?

T 35- 30.31140 T 37- 22.87_07 T 101- 322.14910

T 41- -420.00000 T 42-- 30.00000 T 399" 00.00000

T L00_ 400.00000 T 102- 100.00000 T 1101- 0.0112|

T 1102- 0.01120 T 1103- 0.01121 T 1104- 0.01121

T 1105- 0.02210 T L106." 0.02174 T 1107- 0.04457

***o*****.

T:P_- 2500.00000 DTZHZU- 2.000006÷01 CSGH_N( 2)- 2.5249tE÷01
T_gPCC( 1)--2.047736-01 REI.XCC( 101)- 0.00000_+00

T _- 14.72041 T 2- -t.22900 T 40- -43.45773
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T 39- 23.42099 T 99, "-413.41890 T 4-- _3.T1344
T 6-- 57.749|| T 9,- 57.74908 T 12- 14.72046

T LS- 14.72046 T _9.- 57.74911 T 20- S7.7491|

T 23-- $3.45219 T 25-- 49.59172 T 29- 39.49723

T 29- 30,|9435 T 31- 23.71506 T 33- 3|.59701

T 35- 29.400?3 T 37- 21.81312 T 101- ]24.39900
T 41- -420.00000 T 42-- 30.00000 T 999,- 00.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01111

T 1102- 0.01111 ? 1103- 0.01111 T 1104- 0.01111

T 110S- 0.02250 T 1106,- 0.02138 T 1107- 0,04310

*Ii,teeele

TI_- 2600.00000 D_TJ_L_ 2.000006÷01 CSG_IN( 2)- 2.$27616+01

I"_fCC( 1)--1.91490-01 PJ_I,XCC( 101)- 0.000006÷00

T 1- 13.71603 ? 2- -7.21689 T 40- -44.352U

T 39" 22.43176 T 99-- -413.43460 T 4- E3.30034

T 6- 57.25940 T 9- 57.20H0 T 12- 13.71603

T 15- 13.71603 T 19- S?.25_10 ? 20- 57.25940
T 23-- $2.91370 T 25-- 41,93924 T 2?- 31.72537

T 29" 30.03812 T 31- 22.79049 T 33-- 37.71991

? 35- 20.37592 T 37- 20.?G340 T 101- 327.06980

T 41- -420.00000 T 42- 30.0000Q T 999_ 10.00000

C,ASKI PC-SINDA, "t]_t_J¢ COLU)m OUTPUT

1 (C) COPYRIGHT 1912,I913, 1914, 1915, 191|, 1917 J.g. GA.SK[ SINDA]tSI?/ANSI 1.31 NETlmOI_K ANALYSIS ASSOCIATES, INC, - PAG_

TEST. PC-SINDA

T I00- 400.00000 T 102- 100.00000 T 1101- 0.01091

T 1102- 0.01091 T 1103- 0.01091 T 1104- 0.01091

T 1103- 0.02225 T 1106-. 0.02082 T I107- 0.04301

DTIHZV- 2,000006*01 CSGMIN ( 2)- 2.530476÷01

39)--2.023936-01 RELXCC( 101)- 0.00000E+00

2- -8.19394 T 40- -43.23305

99-- -413.45000 T 4- 62.967|3

9- 56.74407 ? 12- 12.73932

19- 36.74487 T 20- 56.74417

25- 41.25183 T 27- 37.87549

21.75687 T 33- 36.82874

I9.64261 T 101- 330.04210

30.00000 T 999- 40.00000

t00.00000 T 1101- 0.01067

0,01067 T 1104- 0.01067

0.02033 T 1107-- 0.04214

OTIHEU- 2.000006÷01 CSGMIN ( 2)- 2.53276Z+01

39)--2.I3E466-01 RKLXCCC 101)- 0,00000E+00

2- -9,16235 T 40- -46.11154

99- -413.46340 T 4- 62+55200

9- 56,18035 T 12- 11.78220

19- 56.18835 T 20- 56.18035

25- 47.51392 T 27- 36.95532

20.63162 T 33- 35,9055|

18.46271 T 101- 333,22960

30,00000 T 999- 00.00000

100.00000 T 1101- 0.01042

0.01042 T I104- 0.01042

0.01907 T 1107- 0.04115

,l++,lii¶+
TI_- 2700.00000

TEMPCC(

T 1- 12.73932 T

T 39- 21.46_4 T

T rm- 56.7440? T

T 15- 12.73932 T
T 23- 52.30178 T

T 29'- 29.07410 T 31-

T 35- 27.34606 T ]?-

T 41- -420.00000 T 42-
T Z00- 400.00000 T 102-

T 1102- 0.01067 T 1103-

T 1105-- 0.02181 T 1106--

...+..11++

TII,_-.- 2000.00000

T_CC[

T 1- 11.78220 T

T 39'- 20,42136 T

T 6- 36,18633 T

T 1S- 11.78217 T

T 23- 51.65695 T

T 29- 28.02902 T 31-

T 35- 26,30347 T 37-

T 41- -420.00000 T 42-

T I00- 400.00000 T 102-

T I102- 0.01042 T 1103-,

T 1105- 0.02127 T 1100-

TL_J_ - 2900.00000 DTIMEU- 2.00000E+01 C$GMIN ( 2)-- 2.534836+01

TEPIPCCI 391--2.106016-01 RELXCC( 101)- 0.00000E+00

." 1- 10.84076 T 2- -10.i1662 T 40- -46.97678
T 39- 19.33655 T 99- -413.40050 T 4- 62.13092

T 6,- 55.62579 T 9- 55.62579 T 12- 10.84076

T 15- 10.84076 T 19- 55.62579 T 20- 55.62579

T 23-- 50,99900 T 25- 46.77017 T 27- 36.03128

? 29- 26.98404 T 31- 19.49323 T 33'- 34.97876

T 35- 25.25704 T 37- 17.28912 T 101- 336.25410
T 41- -420.00000 T 42- 30.00000 T 999- 00.00000

T I00- 400.00000 T 102- 100.00000 T 1101- 0.01010

T 1102- 0.01011 ? 1103- 0.01011 T 1104- 0.01010

T 1105- 0.02076 T Ii06_ 0.01944 T 1107- 0.04019

TIPE- 3000,00000 DTI_U- 2,000006÷01CSGMIN! 2)- 2.53027¢÷01

TI_BPCC( 39)--2.110306-01 RELXCCI 101)- 0.00000E÷00

T 1- 9.91351 T 2- -11.07010 T 40- -47.83640

CJ_SK! PC-SI_'OA, THRE_ COLUH_ OUTPUT

L(C) COPYRIGHT 1982,1983, 1984, I915, 1906, 1907 J.D.GA.SKI SINDA/196?/ANSI 1,31 _KTNQRK ANALYSIS ASSOCIATES, INC. - PAGE

TEST, PC-SINDA

T 39- 10,20497 T 99- -413.49550 T 4- 61,71502

T 6-, 55.07428 T 9- _5.07420 T 12- 9.91351

T IS- 9.91351 T I9'- 55.07420 T 20- 55,0742|

T 23- 50.35421 T 23- 46.04132 T 27- 3],10640

T 29- 26.05004 T 31- 10.4_605 T 33- 34.13493

T 35- 24,33655 T 37- 16.26974 T 101- 338.90210
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T 41- -420.00000 T 42- ' 30.00000 T 999-

1' 100- 400.00000 T 102- 100.00000 T 1101-

1" 1102- 0.0099"/ T 1103- 0,0099"/ T 1104-

T 1105- 0.02031 T 110¢w- 0.01905 T 110"/-

TIIG- 3100.00000

¢1_CC (

T 1- $. 99"/./4 ?
T 39u- 1./.24 $8./ T

T i,- $4. 65330 T

T 15-- 8 . 99"/"/4 T

T 23- 49.831131 T

? 29,- 23. 28922 T

T 33- 23. 56405 T

T 41- -420.00000 T

I0.00000

0.0099?

0.00997

0.0393i

DCZFSZU- 2.000008÷01C$G_IZN( 2]- 2.$41548+01

39)--1.930./0B-01RF.Z,XCC( 1019- 0.000008+00

2- -11.95225 T 40- -40.6?$54

99k,- -413.51030 T 4- 61.40491

9m S4.69330 T 12- t.99"/74
19- 54.45338 T 20- 54.65338

25.- 4S.4"/Sa0 T 27- 34.503?8

31- 1T.$?"/$1 T 33- 33.44983

3"/0 15.39561 T 101- 341.03230

42- 30.00000 T 999- |0.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.00900

T 1102- 0.00990 T 1103- 0.00900 T 1104- 0.00900

T 1105- 0.01595 ? 1100- 0.01474 T 1107- 0.03469

TI_- 3200.00000
"n_l_PtCC(

T _- 4.05./|./ T

T 39- 16,3242| T
T 6- 54.27106 T

T lS-, 1.09./0./ T

T 23- 49.40390 T

T 29" 24.$6./20 T 31-

? 35- 22.43S./2 T 3*-

T 41- -420.00000 T 4 _

T 100- 400.00000 T 1"

T 1102- 0.00945 T 1;
T _105- 0.01983 T 1;

T_" 3300.00000

T1DePCCI

T 1- ?.21"/19 T

T 39,- 15.43244 T

T 6-. 53,11"/"/0 T

T 15- _.21T19 T

T 23-- 4I.HI?0 T
T 2_" 23.14110 T

T 35- 22.10392 T

D'r.TJC¢O- 2.000008÷01CSGI41N( 2)- 2.34453E+01

35)--1.?$131g[-01RE3,XCC( 101)- 0.000008+00

2- -12.1?_00 T 40- -49.49599

$I),, -413.$2440 T 4* 61.12122
9- 54.2./108 T 12- 4.09?9./

19-- 54.2./10G T 20-- 54.2./108

25- 44.95482 T 27- 33.14902

li.73113 T 33,- 32.81046

;4.564./0 T 101- 342.03./9Q

30.00000 T 999- IO.O0000

_0.00000 T 1101- 0.00985
:.00_$ T 1104- 0.00965

0.01846 T ll0T- 0.03809

DT:_V- 2.00000Z+01 CSGMINq 2)- 2.$4730E+01

1)--1.74602Z-01 RZL.XCCI 101)- 0.00000Z+00

2- -13,74405 T 40- -50.2"/138

99- -413.53810 T 4- 60.|3838

_J_ 53.88"/70 T 12- T.21"/19

19- $3.98"/?0 T 20- 53.18"/"/0

23- 44.43798 T 2./- 33.23183

31- 15.92345 T 33- 32.16403

37- 13.74026 T 101- 344.58140

C,3_KZ PC-SZh'IDA, "_HR wle CCILUMN OU'_PUT

i (C) COPYRIGHT 1982.1963,1914. 1943. 1916, 1947 J.D.G,I_RI 5ZXOA/191.//US! 1.31 NETtCIRR _NA.LTSI5 A.qsOC.T.ATI_8. :NC. - FAG_

TUT, PC-SINDA

T 41- -420.00000 T 42- 30.00000 T 999-

T 100-- 400.00000 T 102- 100.00000 T 1101-

T 1102- 0.00951 T 1103- 0.00931 T 1104--
T i105- 0.01932 T 1106" 0.01419 T L10T-

TIHE- 3400.00000 _TIF_U- 2.000008+01C$GMIN( 2)- 2.$494|8_01
TE)4PCC( 19--L.704938-01 RZI.XCC( 101)- 0.00000E÷00

T i- 6.3354./ T 2- -14.5913./ T 40- -51.04004
T 39-- i4.60379 T 99- -413.55150 T 4- 60.54T49

T 6,- 53.4995"/ T 9- 53.49957 T 12- 6.3554./

T 15- 6.35547 T 19- 53.49957 T 20- 53.49997

T 23- 48.49159 T 25- 43.91345 T 2?- 32.59765

T 29- 23.10961 T 31- 13.09191 T 33- 31.Sll92

T 35- 21.364T2 T 37- 12.H./14 T 101- 346.22910

T 41- -420.00000 T 42- 30.00000 T 999- 10.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.00936

10.00000

0.00951

0.00951

0.03750

T 1102- 0.00938 T LI03-

T 1109- 0.01901 T LI0(,-

TI_- 3500,00000
_C(

T 1" 5.51202 T

T 39,- 13.7454G T

T 6.- b3.I0./24 T

T 15- 5.51202 T

T 23- 44.02417 T

T 29- 22.3T253 T 31-
T 35- 20.62091 T 3./-

T 41- -420.00000 T 42-

T i00- 400.00000 T 102-

T 1102- 0.00922 T 1103-

T 1105-- 0.01|71 T IIO_--

T_Z- 3600.00000

T8H?CC(

T 1" 4.64804 T

T 39" 12.93249 T

T 6,- 52.71167 T

T 15- 4.&1804 T

T 23- 4?,$5637 T

T 29- 21.63214 T

T 35- 19.1./390 T
T 41- -420.00000 T

0.00938 T 1104- 0.00936

0.01792 T 110"/- 0.03693

D'L'TJ_.T_, 2,000008+01 C_GMIN( 2)- 2.552318÷01

1)_1.672848-01R][Z.XCC( 1019- 0.00000E+00

2- -15.42221 T 40- -51,79341

99,,- -413.354?0 T 4- 60.25500

9-- 53.10./24 T 12- 5.31202

19- 53.10924 T 20- 53.10724

23-- 43.31522 T 2T- 31.93154

_4.25?./5 T 33- 30.84458
12.0./309 T I01* 347.84140

30.00000 T 999- 40.00000

100.00000 T 1101- 0.00922

0.00922 T 1104- 0.00922

0.01785 T 110./- 0.03636

DTIMZU- 2.000008+01 C$GMIN( 2)- 2.554608+01

399--l._822|Z-01 REI.XCC( 1019- O.O0000Z÷O0

2- -16.23924 T 40- -52.$32_5

99- -413.5T./60 T 4- 59.95968

9-- 52.7116T T 12- 4.64604

1_" 52.7116./ T 20- 52.?116./

25- 42.85385 T 2T- 31,21571

31- 13.42310 T 33- 30.20636

37- 11.23./95 T IOL- 349.39610

42- 30.00000 T 999- |0.00000
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T 100- 400,00000 T 102- " 100.00000 T 1101- 0.00901

T 1102- 0.00908 T 1103_ 0,00908 T 1104- 0,00g08

T 1103-- 0,01042 T 1106- 0,01733 T 1107- 0,03501

GASRI PC-SINDA, THREE COL_ OUTPUT

1(C) COPYRIGHT 1912.1913,1904,1905,1110o19|7 J.D.GASKI $IMDA/I$117/AJMS! 1.31 NZTI_RK ANALYSZS A3SOCI.ATES, INC. - PAGE

TEST. PC-SI_

TI_- 3700. 00000

TI_PCC (

T Io 3.17613 I"
T 39-- 12,09610 T

T 6- 52.29490 T

T 15" 3.1?6il T

T 23- 4"7.0G"723 T

T 29- 20. 07766 T

T 33- 19.01956 T

I" 41- -420.00000 T

DTI_BU,- 2.000000÷01 CS_MINI 2)- 2.51652E+01
39)--1.6903_-01 RE_XCCI I01)- 0.00000|+00

2- -1"7.03"772 T 40- -53.257"75

99- -413.59030 T 4- 59.64441

_, 52.29490 T 12- 3.|7683

10- 52.29490 T 20- 52.29490

25- 42.3013& T 2?- 30.61511

31- 12.57953 T 33- 29.50(81

3-7- 10.30399 T 101- 351.00210

42 ° 30.00000 T 990- 10.00000

T 100- 400.00000 T I02- I00.00000 T 1101- 0.00893

T 1102- 0.00893 T 1103- 0.00093 T 1104- 0.00893
T 1105- 0.01814 T 110&," 0.01708 T 110"7- 0.03521

TZ_- 3000.00000

T_CC(

T 1- 3.08179 T

T 39- 11.2390"7 T

T 6" 51.85637 T

T 15- 3.08182 T

T 23- 46.35414 T

T 29,- 20.10190 T

T 35- 18.12955 T

T 41- -420,00000 T

DTIY_U- 2.000000÷01 CSGNZN) 2)- 2.55154[÷01

39)--1.724070-01 RE_(CCl 101)- 0.00000Z+00

2- -1"7.13246 T 40- -53.97565

90- -413.60280 T 4- 59.31122
9,- 51,03617 T 12- 3.08179

19- 51.05657 T 20- 51.8565?

25_ 41.?2302 T 2"7- 29.92073

31- 11.7115? T 330 20.77661

3"7- 9.35855 T 101- 352.63780

42- 30.00000 T 999- 00.00000

T 100- 400.00000 ? 102- 100.00000 T 1101-

T 1102- 0,008"78 T 1103- 0.00I?$ T II04-

T 1105- 0.01718 T 1106" 0.01675 T 1107-

T2_- 3900.00000

T?.,_CC(

T 1- 2.29049 T

T 39- 10.3"7100 T

T 6- 51.406"71 T

T 15- 2.29849 T
T 23- 46.028"72 T

T 20- 19.25403 T

T 35- 17.23416 T

T 41- -420.00000 T

0.008"70

O.OOI?I

0.03461

DTIMEU- 2.000000÷01CSGMIN( 2)- 2.560500+01

39)--1.752940-01 A[LXCC( 101)- 0.00000E÷00

2- -10.62009 T 40- -54.68Ill
99- -413.61330 T 4- 58.96851

9- 51.406"71 T 12- 2.29849

19- 51,406"71 T 20- 51.406"71

25- 41.13339 T 2"7- 29.20148

31- 10.79031 T 33- 2|.03561
3?- 0.43237 T 101- 354.2"7660

42- 30.00000 T 999- 40.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.00062

T 1102- 0.00162 T 1103- 0.00062 T Ii04- 0.00862

T 1105- 0.01954 T 1106- 0.01644 T 1107- 0.03399

TZ_- 4000.00000 DTIMEU- 2.000000+01 CSGMIN( 2)- 2.56220[+01

TERIPCC( 40)- 2.22799[+01 RELXCC( 99)- 0.00000E+00

T 1- 1.524"75 T 2- -14.I3885 T 40- -32.97415
T 39- 9,47742 T 99- -31.43582 T 4- 58.60431

13

_A_KI ?C-SINDA° THREE COLUMN OUTPUT

1(C) COPYRIGHT 1982,1913,1914,1985,19|6,1917 J.D.GASKI $1NDA/1987/AMSI 1.31 H[TNORK _ALYSI5 A._SOCIATES. INC. - PAGE

?[ST. PC-S INDA

T 6- 50.%304| T 9-

T 15" 1.524"75 T 19-

T 23- 45.47418 T 25-

T 29, II.00124 T 31-

T 35-- 16.13209 T 3-7-

T 41- -420.00000 T 42-

T I00-- 400.00000 T 102-

T 1102- 0.00846 T 1103-

T ii05- 0.01720 T 1106-

T:_- 4100.00000 DTZ/_DEU-- 2.00000E+01 C$GMIN(

T_.T'_CC( 40)-- 3.47650[÷00 RELXCC(

T 1- 2.58484 T 2- 2.19702 T 40-

T 39- 12.226-75 T 99- -1.64435 T 4-

T 6- 52.761"72 T 9- 52.76172 T 12"

T 15-- 2.58404 T 10- 52.76172 T 20--

T 23- 4"7.55096 T 25-- 42.776|9 T 27-

Z�" 21.12970 T 31- 22.?4463 T 33"

50.93048 T 12- 1.52475

50.93048 T 20- 50.93048

40.51230 T 27- 21.69272

10.43942 T 33- 2?.54901

0.18866 T 101- 355.96550

30.00000 T 999- I0.00000

100.00000 T ll01-- 0.00146
0.00846 T II04- 0.00|46

0.01615 T 1107- 0.03335

2)- 2.51330[÷01

1011- 0.00000[+00

-2.08881

60.04492

2.58484

52.76172

34.75055

T 34.07755

T 35- 27.04260 T 3-7- 21.42212 T _01- 340.73470

T 41- -420.00000 T 42- 30.00000 T 999- 10.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01025

T 1102- 0.01025 T 1103- 0.01025 T 1104- 0.01025

T 1105- 0.02093 T 1106,- 0.01980 T 110"7- 0.04053

TZ_- 4200.00000 DTIMEU-- 2.000000+01 C$GMIN( 2)- 2.40617E_01

T_iPCC( #0)- 1.33933_+00 R[LXCC( 101)- O.00000E_O0

14
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T 1- S. 54205 T 2- " 9.39392 T 40.* 7. 83503

T 3%" 1|. 72662 T 9_- 7.$1015 T 4- 42 , 190¢30

T 6-- 55.50051 T _,- 55.500$1 T 12- $.$4205

T 15- 5. $4205 T I_-- 55.500';1 T 20- 55.50051

T 23- $0.829?? T 25-- 46. 43702 T 27- 39.32?9T

T 29.,- 33.42490 T 31- 2|.S9144 T 33- 30.79140

T 35- 32.35139 T 3?- 2?.53720 T 101- 321.50340

T 41- -420.00000 T 42- 30.00000 T 999- 80.00000
T 100- 400.00000 T 102- 100.00000 T 1101- 0.01153

T 1102- 0.01155 T 1103- 0.01155 T 1104- 0.01155

T 1105- 0.02324 T 1106- 0.02251 T 1107- 0.045T4

***l,e****

TI1_- 4300.00000

T_CPCC (

T 1- |. 91226 T

T 39- 24. 20920 T

T G- 57.02197 T

T 15- I. 9122(; T

T 23- 52. 54047 T

T 29- 3G, 34_09 T

T 35- 35. 54071 T
T 41- -420.00000 T

DTIREU-, 2.00000E+01CSGNZN( 2)- 2.47ES0E+01

39)- 9.77573E-01RELXCC[ 101)- 0.00000E+00

2" 13.41|$$ T 40- 12,4e740

95-, 12.G0471 T 4- 03,25116

9- 57.02197 T 12- 8.91226

19- 57.02197 T 20- 57.02197

25- 4|.40294 T 27- 41.02175

31- 31.84937 T 33- 41.32|$2

37- 30.16035 T 101- 312.00440

42- 30.00000 T 999- 80.00000

C,ASKI PC-SINDA, THREE COLUMN OUTPUT

;IC) COPYRIGHT 19|2.1903,19|4,19|5, 19|6,1907 J.D.GA&KI $IMDA/1987_;_S: 1.31 NETNDRK _NALYSIS A.q$ocIATE5. IMC. ~ ?A c_

T_ST, PC-SINDA

T I00- 400,00000 T 102- 100.00000 T 1101- 0.01213

T 1102- 0.01213 T 1103- 0.01213 T 1104- 0.01213

T 1105- 0.02443 T 1106" 0.02365 T 1107- 0.04000

TI_- 4400.00000 DTIMEU-- 2.00000Z+01 CSGMIN( 2)- 2.46997E+01
TER_CC( 39)- 7.70624R-01 RELXCC( 101)- 0.00000E+O0

T 1- 12.2|351 T 2- 1?.06253 T 40- 10.0?205

T 39- 28.41501 T 99- 16.17477 T 4" 64.18669

T 6" 58.27812 T 9- 5|.27612 T 12" 12.2|351

T 15- 12.20351 T 19- 5|.27612 T 20- 5|.27412

T 23- 54.03711 T 25- 50.13022 T 27- 44.00196

T 29- 3|.89600 T 31- 34.67593 T 33-- 43.54128

T 35-- 3|.13773 T 37- 33.?5070 T 101- 304.03|00

T 41-- -420.00000 T 42- 30.00000 T 999- I0.00000

T 100_ 400.00000 T 102- 100.00000 T 1101- 0.01267

T 1102- 0.01267 T 1103- 0.01267 T 1104- 0.01267

T 1105- 0.025S3 T 1104- 0.02471 T 1107- 0.05023

TI_- 4500.00000 DTIMEU- 2.000000+01C$GMIN| 2)-- 2.463|70+01

T._,tPCC ( 39)- 6.70095E-01 REL, XCC( 101)- 0.00000[÷00

T 1- 15.55344 T 2- 20.2946| T 40- 15.33620

T 39-- 31.96512 T 99- 19.43738 T 4- 85.15411

T 6_ 59.82744 T _ 5_.62744 T 12- 15.$5344

T 15- 15.55341 T 19- 59.62744 T 20- 59.62744

T 23- 55.84410 T 25-- 51.97314 T 27- 46.20248
T 29- 41.30525 T 31- 37.39005 T 33- 45.79565

T 35- 40.715|8 T 37- 38.56772 T 101-- 295.55160

T 41- -420.00000 T 42- 30.00000 T 999'- i0.00000

T 100-- 400.00000 T 102- 100.00000 T 1101- 0.01320

T 1102- 0.01320 T 1103- 0.01320 T 1104- 0.01320

T 1105- 0.02650 ? 1106- 0.025|6 T 1107- 0.05236

T_- 4600.00000
T_CC(

T i- 18.70013 T

T 59- 35.00310 T

T 6- 60.74707 T

T LS- 11.70010 T

T 23-- 56.90013 T

T 29- 43.52072 T

T 35-- 42.|915? T

T 41- -420.00000 T

DTIMEU- 2.000004+01CSC, MZN( 21- 2.459364+01

1)- 6.11201E-01RELXCC( 101)- 0,000004+00

2- 23.32715 T 40- 22.41171
99- 22.50665 T 4- 65.970|9

_k- 80.74707 T 12-- 11.T0013

Lg- 60.7470? T 20- G0.74707

25-- 53.52014 T 27- 41.07455

31- 39.74393 T 33- 47.69204

37- 31._Nt_ll T I01- 219.67210

42- 30.00000 T 999- 10.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01354

T L102- 0.01354 T 1103- 0.01354 T 1104- 0.01354

T LI05- 0.02719 T LI06- 0.02655 T 1107- 0.05374

TI_" 4700.00000 D"L'I.PI_U_ 2.000004÷01CSGMIN( 2)-- 2.45426E+01
TEI_CC( 1)- 5.|$515_-01RELXCC( 101)" 0.00000E÷00

T I- 21.70547 T 2- 28.19336 T 40- 25.30675

15

GASKI PC-SZNDA. TMREE COLU_I4 OUTPUT

IIC) COPYRIGHT 1982,1983.1914. 1915. 19i8. 1987 J.D.GA3K! $IHDA/I%I?/N($1 1.31 NKTN_RK ANALYSIS A._$OCIATE5. INC. - PAGE

TEST, PC-SZHDA

T 35- 37.86299 T 99" 25.39177 T 4- 86.70953
T 6- 61.75537 T 9" 61.75537 T 12- 21.70547

T 15- 21.70551 T 1)- 61.75537 T 20" 61.75537

T 23" S|.2014| T 25 ¸` 54.92102 T 27" 49.?0094

T 29" 45.49086 T 31" 41.92140 T 33" 49.42953

_6
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T 35-- 44.89716 T 37- 41.191|6 T 101- 2|4.13130

T 41- -420.00000 T 42- 30.00000 T 999- 80.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01386

T 1102- 0.013|| T 1103, 0.01391 T I104- 0.01301
T 1103, 0.0270? T ll0&- 0.02?22 T Ll0?- 0.05310

TI_- 4600.00000

TDn_CI

T 1- 24.56833 T

T 39- 40.0?000 T

T 6- 62.69950 T

T IS,,, 24.SG83G T

T 23- $9.33710 T

T 29- 47.32|13 T

T 35- 4_.76996 T

T 41- -420.00000 T 42- 30.00000 T 999-

T 100- 400.00000 T 102- 100.00000 T 1101-

T 1102- 0.01420 T 1103- 0.01420 T 1104-

T 1105- 0.02154 T 1106-- 0.027|? T 1107-

TI_" 4900.00000

TEMPCC(

T 1- 27.29202 T

T 39- 42,2|436 T

T 6... 63.57617 T

T 15- 2T.29202 T

T 23- 60.3903| T

T 29- 49.04596 T

T 33- 48.31950 T

T 41- -420.00000 T

T LO0- 400.00000 T

DTIMEU- 2.000000+01CSGMZN( 2)- 2.44|631+01

19- S.61334g-01AEI,XCC( 101)- 0.00000E÷00

2- 2|.91577 T 40- 2|,05414
99- 20.14349 T 4- 67.40040

9- 62.69958 T 12- 24.56633

19- 62.69956 T 20- 62.69956
25,- 0i.23328 T 2?- $1.36614

31- 43.9S325 T 33, 31.04959

3T- 43.26529 T 101- 271./11950

lO.O0000

0.01420

0.01420

0+0S641

OTIJGU- 2.000000*01 CSGNIN( 2)- 2.443330+01
19- 5.337460-01RELXCC( 1019- O.00000E+O0

2- 31.49496 T 40- 30.66113

$9- 30. T4762 T 4-- 66.04102

9-- 63.37617 T 12- 27.29202

19-- 63.37617 T 20- 63.57617

25-- 57,45133 T 27- 52.17372

31- 4S.I$TIS T 33* 52.55652

37- 45.20101 T 101- 2?3.23940

42- 30.00000 T 999- I0.00000

102- 100.00000 T 1101- 0.01451
T 1102- 0.01451 T 1103- 0.01451 T 1106-

T 1105- 0.02917 T 110_- 0.02149 T 1107-

TI_- 5000.00000 DTTJ4EU- 2.00000E+01 CSGHIN(

T_UPCC_ 1)- 3.06765E-01 RELXCC(

T 1- 29.17951 T 2- 33.92004 f 40-

T 39- 44.34756 T 99- 33.20563 T 4--

T 6" 64.39115 T 9- 64.39105 T 12--

T 15- 29.17950 T 19- 64+39105 T 20--

T 23- 61.364H2 T 25-- 50.57990 T 2T-

T 29" 50.64703 T 31- 47.63712 T 33"

T 35- 50.16341 T 37-

0.01451
O.OSTGT

29- 2.439260+01

1019- 0.00000E+00

33.12204
61.63641

29.17951

64.39183

54.25130

53.9G5|2

47.03036 T 101-- 267.97140

C,%SKI PC-SINDA. THREE COLUMN OUTPUT

i(C) COPYRIGHT 1912,1913,1914, 191S, 1916, 191? J.D.GASKI 51NDA/191?/ANS! 1.31 NETWORK ANALYSIS A3SOCL%TE5. ZNC. - PAGE

TEST. PC-SIM_I_,

T 41- -420.00000 T 42- 30.00000 T 999- |0.00000

T I00-- 400.00000 T 102- i00.00000 T _101- 0.01481

T 1102- 0.01411 T 1103-- 0.01401 T _i04- 0.01401

T LI05- 0.02973 T 1106- 0.02912 T 1107- 0.05105

TI_- $100.00000 DCI_U_U- 2.00000E+01C$GMIN( 2)- 2.4355|E+01

TFJ(PCC( 1)- 4.7874_-01 RE_XCC( i01)-- 0.00000E+00

T L- 32.32974 T 2- 36.21719 T 40- 35.43906

T 39- 46.24451 T 99- 35.51911 T 4- 69.19419
T 6-- 65.15|0| T _ 65.15|O8 T 12- 32.32974

T 15- 32.32974 T 19- 65.15106 T 20- 65.15108

T 23-- G2.20046 T 25-- 59.6405G T 27- 55.54541

T 29- _2.12402 T 31- 49.27618 T 13-- 55.27283

T 35- 51.67322 T 37- 40.71771 T 101" 263.93060
T 41-- -420.00000 T 42- 30.00000 T 999- IO.00000

T 100- 400.00000 T 102- 100.00000 T 1101-- 0.01502

T 1102- 0.01502 T 1103'- 0.01502 T 1104- 0.01502

T 1109- 0.03014 T 1106- 0.02951 T 1107- 0.05973

,.********

TI_- 5200.00000

T_PCC(

T 1- ?4.64142 T

T 39- 41.00481 T

T 6- 65.17750 T

T 13- 34.64142 T

T 23- 63.14044 T

T 29- 53.51227 T
T 35- 53.00643 T

T 41_ -420.00000 T

T i00" 400.00000 T 102-

T 1102- 0.01523 T 1103-

T ii05-- 0.03057 T 1106-

TIHZ- 5300.00000

TEMPCC(

T I- 36.12095 T

T 39,- 49.64053 T

T 6-- 66.55347 T

T 15- 36.12092 T

T 23" 63._4727 T

T 29-- 54.80047 T

T 55-- 54.40502 T

DTZM_U- 2.00000E+01 CSC,NIN( 2)- 2.43104E÷01

1)o 4.51583E-01 RE_XCC( 101)- 0.00000E÷00

2- 31.37616 T 40- 37.62350

99- 37.70137 T 4- 69.71|99

9- 63.|7750 T 12- 34.64142

19- 65.|7750 T 20-- 65.07750

25-- 60.63373 T 27- 56.75397

31- 50.11641 T 33- 56.49650

37- 50.29031 T 101- 260,11090
42- 30.00000 T 999-, 10.00000

100.00000 T 1101- 0.01523

0.01523 T 1104- 0.01523

0.03000 T 110?- 0.06057

DCIHEU- 2.00000E+01 CSG_IN ( 2)- 2.42739E+01

11- 4.25544E-01 AELXCC( 101)- 0.00000E+00

2- 40.40912 T 40- 39.60115

99,- 39.75665 T 4- 70.21307
_- 66.55347 T 12- 36.12095

19- 66.5$347 T 20- 66.55347

25- 61.56122 T 27- 5T.11232
31- 52.25189 T 33- 57.63190

3?-- 51.75433 T 101- 256+43T30
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T 41- -420.00000 T 42- 50.00000 T 99_- |0.00000

T 100.- 400.00000 T 102- 100.00000 T 1101- 0.01543

T 1102- 0.01543 T 1103_ 0.01543 T 1104- 0.01543

T 1105- 0.03097 T I106,- 0,03041 T 1107- 0.0613|

C,ASRI PC-SIXOA. THREE COLUMN Or?PUT

1(C) COPYRIGHT 19|2,19|3.19|4.1985.19|6o1987 3.D.GA.IK: $INOA/1987/ANSZ 1.31 HETmORK ANALYSIS A._SOCIATES, INC. - PAGZ

TEST. PC-$ZNDA

TLI_ - 5400.00000

TER_CC(

T 1- 38.17292 T

T 39- 51.17343 T

T 6" tT.20074 T

T 15-- 31.87289 T

T 23-- 64.71553 T

T 29-- 56.04370 T

T 35- 55.16309 T
T 41- -420.00000 T

T 100- 400.00000 T

DTIIq_U- 2.000006÷01CSG_¢N( 2)- 2.424416+01

1)- 4,004906-01 RELXCC( 101)- 0.00000E_O0

2- 42.31690 ? 40- 41.61450

99,- 41.t0731 T 4- T0.i922i

9" 67.20074 T 12- 38.87292

19- 6?.20074 T 20- K7.20074

25_ 62.44122 T 2?- 50.t564|

31- 53.61930 T 33-- 50.72662

37- 53.14060 T 101- 252.03620

42- 30.00000 T 999- 10.00000

102- I00.00000 T 1101- 0.01562
T 1102- 0.01562 T 1103- 0.01562 T 1104- 0.01562

T 1105-- 0.03137 T 1100- 0.03080 T 1107- 0.06217

****** i*t

TIH_-- 5500.00000 DTIMEU- 2.000006+01C$G_IN( 2)- 2.421506+01

TD_PCC( 1)- 3.763726-01REI.XCC[ I01}- 0.00000E÷00

T 1- 40.80219 T 20 44.10800 T 40- 43.42911

T 39- 52.K1243 T 99- 43.49951 T 4- 71,14221

T 6-- 67.00939 T 9-- 67.80939 T 12- 40.60292

T 15- 40.40289 T 19- 67.60939 T 20- (7.00939
T 23-- 65.43625 T 25- 63.26910 T 27- 59.$6387

T 29- 57.2002G T 31- 54.85080 T 33- 59.74640

T 55- 56.13997 T 37- 54.45288 T I01- 249.36550

T 41" -420.00000 T 42" 30.00000 T 999- |0.00000
T I00-- 400.00000 T 102-- 100.00000 T 1101- 0.01510

T 1102-- 0.01510 T 1103- 0.01510 T 1104- 0.01510

T 1105- 0.03174 T 1106.- 0.03117 T 1107- 0,06291

TI_- 5600.00000 DTTJ_U- Z.00000[+O1 CSC,MIN{ 2)" 2.418396+01

TEMPCC( 1)- 3.532436°01 RELXCC! 101)- 0.00000E÷00

T I- 42.61475 T 2-- 45.79349 T 40-- 45.13513

T 39- 53.%6558 T 99- 45.2034( T 4m 71.57727

T 0- 66.39783 T 9- 61.39783 T 12- 42.61472

T 15- 42.61475 T 19- 6(.39?33 T 20- 6|.39?(3

T 23- 66.13654 T 25- 64.06616 T 27- (0.92212

T 29- 58.29572 T 31- 56.10760 T 33- 60.71729

T 35_ 57.95520 T 37- 55.(8536 T 101- 245.97560

T 410 -420.00000 T 420 30.00000 T 999- lO.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01596

T 1102- 0.01598 T 1103- 0.0159( T 1104- 0.01591

T 1105- 0.03210 T 1104- 0.03153 T 1107- 0.06363

TIME- 5700.00000 9TIHEU- 2.000006_01 CSGMINI 2)- 2.415246÷01

TEMPCCI l)- 3.314086-01 RELXCC( 101)- 0.00000[÷00

T 1- 44.31500 T 2- 47.37491 T 40- 46.73795

T 39- 55.23199 T 99- 46.80402 T 4- 71.98145

GASKI PC-SINDA. THREE COLUMN OUTPUT

I (C) COPYRIGHT 1982.1903,1944. 1985, 1906, 1907 J.D.GASKI SINDAIIgI?/ANSI 1.31 NETWORK ANALYSIS ASSOCIATES. INC. - PAGE

TEST. PC-SIMDA

T 6- 68.94525 T 9-

T 150 44.31500 T 19-

T 230 66.78656 T 25"

T 29- 59.31543 T 31--

T 35- 50.99194 T 5?-

T 41- -420.00000 T 42-

T 100- 400.00000 T 102-

T 1102- 0,01615 T 1103--

T 1105- 0.03244 T 1100-

TI_- 5800.00000 DTI/_ZU- 2.000006÷01 CS(_qIN(

T_CC( 1)- 3.107086-01 _ELXCC(

T 1- 45.9094| T 2-

T 59- 56.41229 T 99-
T 4- (9.45447 T 9-

T 15-- 45.90948 T 19-

T 23-- 67.39154 T 25-

T 29- 60.26355 T 31-

T 35- 59.95776 T 3T-

T 41- -420.00000 T 42-

T 100- 400.00000 T 102-

T 1102- 0.01630 T L103-

T II05- 0.03274 T 1100-

TI_- 5900.00000 _TIMJ_U m 2.00000E+01 CSGMIN (

68,%4525 T 12- 44.31497

(8.94525 T 20-- 61.94525

64.81232 T 27- 61.81342

57.23340 T 33- 61.61871

56.8322l T 101- 242.73790

30.00000 T 999- 10.00000
100.00000 T 1101- 0.01615

0.01613 T 1104-- 0.01615

0.03107 T 1107- 0.06431

2)- 2.41217E_01

101)- 0.00000E+00

40.85596 T 40-- 48.239?5

41.30361 T 4- _2.35601
69.45447 T 12-- 45.90945

69.45447 T 20- 69.45447

65.50525 T 27- 62.64202

51.20040 T 33- 62.45844

57.90094 T 101 m 239.66920

30.00000 T 999- 10.00000

_00.00000 T 1101- 0.01630
0.01630 T 1104- 0.01630

0.03220 T 1107- 0.06494

2)- 2.40926E÷01
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TEMPCC( 1)'- 2.909606-01 RELXCC( 101)- 0.00000E+00

T 1- 47.40326 T 2- 50.23174 T 40- 49.64349

? 39- 57.50206 T 95,- 49.70523 T 4- 72. 70050

T 6" 69.$2151 T 9,- 69.92151 T 12- 47.40329

T L5- 47.40326 T 19" 69.92151 T 20- 69.92151

T 23- 67. $4706 T 25- 66+14227 T 27- 63.40369
T 29,- 61.128"/2 1` 31- 59.23?24 T 33- 63.23041

T 35- |0. 84299 T 3./- 56,116196 T 101- 237. 25620

T 41- -420. 00000 T 42- 30. 00000 T 999m i0 . 00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01642

T 1102- 0.01642 ? 1103- 0.01042 T 1104- 0.01642

T 1105- 0. 03295 ? 1106- 0. 03246 T 110./- 0. 06542

?I>l m- 6000. 00000

TEI,_C C I

? 1- 41ol0006 T

T 39- $6.$1013 T

T 6- 70.35./15 T
'1" 15- 411.80001 2"

T 23* 69.46515 1"

1" 29- 61.9429 _) 1"

1" 35- 61.6./023 1"
1" 41- -420.00000 1"

DTIMEU- 2.000006+01 CSG_IIN( 2)- 2.406866_01

L)- 2.71|346-01 AET.,XCC( 101)- 0.00000E+00

2- 51.$2792 1" 40- 50.95245

99,,, 51.01218 1" 4- 73.01721

9_ 70.35785 1" 12- 48.10008

19,- 70.35?|$ 1" 20- ?0,35"/95

25- 66.73560 ? 2"/- 64.11743

31- 60.13073 ? 33- 63.95221

3"/- 59.1001"/ T 101- 235.0"/250

42- 30.00000 T 999'- 10.00000

_A3RZ PC-SINDA. T_ COLU)_ OUTPUT

1(C) COPYRIGHT 1962.19i3.1914o1965.19|6.1987 3.D.GASRI SZMDA]I�IT/A_$1 1.31 NET_RK AMALYSI$ _SOCIATES. INC. - PAGE

TEST. PC-Sth_A

1` 100- 400.00000 ? 102- 100.00000 1` 1101- 0.01653

1` 1102- 0.01653 1" 1103- 0.01653 1" 1104- 0.01f$3

T LL05- 0.03311 1` 1106., 0.03269 1` 110"/- 0.0651"/

TI_- 6100.00000

TEMPCC(

T I- 50.10504 T

T 39- 59.44995 T

T KA- 70.76642 T
T 15- 50.10504 T

T 23-- 66.94971 T

T 2_" 62.70313 1`

T 35- 62.44281 T

T 41- -420.00000 T

DTIMEU- 2.00000E÷01 CSGMZN| 2)- 2.40431E÷01

L)- 2°539176-01 RELXCC( 101)- O.00000E÷00

2- 52.73224 T 40- $2.17456

$9" 52.23236 1` 4- 73.31165

9- 70.76642 T 12- 50.10504

19.- 70.76642 T 20- 70.76642
25-- 67.29010 1" 27- 64.78400

31- 60.97667 T 33- 64.62626

37- 60.65503 1" 101- 232.99570

42- 30.00000 T 999-- |0.00000

T 100- 400.00000 1` 102- 100.00000 T 1101- 0.01663

T 1102- 0.01683 1` 1103-- 0.01663 T 1106- 0.01663

T 1105-- 0.03339 1" 1100- 0.03290 T 1107- 0.06629

T_M_- 6200.00000

T L- 51.32315 T

T 39- 60.32556 1`

T 6- 71.15411 T

T _5- 51.32315 T

T 23- 69.40941 T

T 29,- 63.41109 1"

1" 35- 63.16919 1"

T 41- -420.00000 T 42- 30.00000 1" 999,-

T LO0- 400.00000 1" 102- 100.00000 T 1101--
T 1102- 0.016"/3 T 1103- 0.01673 T 1104-

T 1105- 0.03359 T _i06- 0.03311 T 110"/-

T_P_- 6300.00000

TZY_PCC(

T I- 52.45959 T

T 39- 61.14319 T

1` 0- 71.51544 T

T 15- 52.45959 T
T 23- 69.83826 T

T 29" 64.01453 T

T 35- 63.84613 T

T 41- -420.00000 1`

T 100- 400.00000 T 102-- 100.00000 T 1101-

T 1102- 0.01683 T 1103- 0.01613 1` 1104-

T 1105- 0.033"/"/ T Ii0_" 0.03330 T 1107-

TIHZ- 6400.00000 DTIMEU- 2.000006+01 CSGMIM(

1`_w_CC[ I)- 2.06040E-01 RELXCC(

T 1- 53.51941 T 2- 55,11501 1` 40-

_l"IJ_V- 2.00000Z÷01 CSC.,MIN( 2)- 2.401756÷01

1)- 2.369146-01 RELXCC( 101)- 0.00000E+00

2- 53.15712 T 40- 53.31592

99- 53.3720"/ T 4- 73.59137

9- 71.15411 T 12- 51.32315

19,- 71.15411 T 20- 71.15411

25- 6"/.11604 T 2"/- 65.41296

31- 61.76343 T 33-- 65.26215

37- 61.45569 T 101- 231.02060

|0.00000

0.01673
0.01673

0.06669

gT_/._U- 2.000006+01 CSGMIN( 2)- 2.39929E÷01

1)- 2.210016-01 RELXCCI 101)- 0.00000E÷00

2- 54.906"/4 T 40- 54.38171

90- 54.43616 T 4- 73.15211
9- 71.51544 T 12- 52.45959

19" "/1.51544 T 20- 71.51544

25- 69.30670 T 2"/" 65.99945

31- 62.49652 1` 33- 65.15492
3"/- 62.20164 1` 101-- 229.14940

42- 30.00000 T 999-- IO.000UO

0.01663

0.01613

0.06"/O7

2)- 2.396936+01

101)- 0.00000E÷00

55.37511

C_ASKI PC-SINDA. THREE COLURM OUTPUT

[<C) COPYRIGHT _912.1%13. L984. 1915. 1916. L�i? J.O.GASKI 51HDA/191"//ANSI L.31 NETWORK ANALYSIS _SOCIATESo INC. - PAGE

TEST. PC-51NDA

T 39- 61.90442 1` 99- 55.42104 T 4- 74.09412

T 6-- 71.15077 1" 9-- 71.85077 T 12- 53.51941
T _- 53.51941 T 19- 71.45077 T 20- 71.1507./

T 23- 70.23122 ? 25- 66.76416 T 27- 66.54590
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? 29n 84.70544 T 31- 83.17538 T 3- 88.40735

T 35-- 64.47882 T 37 _ 82.|9675 T 2- 227.38630

T 41- -420.00000 T 42- 30.00000 T '_" IO.O0000
T 100- 400.00000 ? 102- LO0,O0000 T _:- 0.01891

T iI0_ 0,01691 T 1103- 0.01891 T ._4- 0.01891

T llOS- 0.03395 T LIO_- 0.03341 T _07- 0.06?43

T_ME- 8300.00000 _TZFdEU- 2.000008+01 _¢1N( 2)- 2.39465[+01

'rl_g_C| 1)- 1.9159"1[-01 RJ[LXCC( 101)- 0o00000E+00

T l- 54.$0?14 T 2- 58.T9857 T 40- 56.300H

T 39-- 62.81346 T 9_" 56.35236 T 4- ?4.31897

T Cw- 72.16223 ? 9- 72.18223 ? 12-- $4.$0714

T 13-- $4.S0714 T 19- ?2.16223 T 20,, 72.16223

T 23- 70.81230 T 25- 89.19185 T 27- 87.0$$$?

T 2Sm 65.21436 T 31- 63.81373 T 33, 86.92279

T 33-, 85.06462 T 37- 83.34443 T 101- 225.72130

T 41- -420.00000 T 42- 30.00000 T 999- 40.00000

T 100,, 400.00000 T 102- 100.00000 ? 1101- 0.01699

T 1102- 0.01899 T 1103- 0.01899 T 1104- 0.01899

T 1105- 0.03411 T 1106", 0.03364 ? 1107- 0.06?76

TZt4Z- 8400.00000 OTZMEU- 2.000008÷01 CSG_qZN( 2)- 2.39247[+01

1_)[IPCC( L)- 1.78461_-01R[Z._CC( L01)- 0.00000[+00

T i- 55.42731 T 2- 57._4514 T 40- 57.16309

T 39- 63.27289 T 99- 57.21307 T 4- 74.$2786

T &" ?2.45129 T 9- 72.45129 T 12- 55.42731

T LS- 55.42731 T 19- 72.40129 T 20- 72.4S129

T 23- 70.95953 T 23- 89.54808 T 27- 87.$29(_

T 29- ES.82220 T 31-- 84.40?04 T 33-- 8?.40181

T 33- 83.81115 T 37- 84.14624 T 101- 224.15680

T 41- -420.00000 T 42- 30.00000 T 999- |0.00000

T 100- 400.00000 T L02- L00.00000 T L101- 0.01707

T 1102- 0.01707 T 1103- 0.01707 T 1104- 0.01707
T Ii06-- 0,03427 T [lOG- 0.033|0 T II07- 0.08807

TZ_- 8700.00000 DT,T.PL_U- 2.00000[+01 CSGMZN( 2)- 2.39039E+01

"L'_NPCC( 1)- 1.86341[-01 R[.T..XCC( 101)- 0.00000[+00

T I- $8.21436 T 2- 58.434?S T 40-- 57.96545
T 39- 83.88550 T 99- SI.01410 T 4-- 74.7213?

T G-- 72.71_H;0 T 9- ?2.71960 T 12- 58.28436

T 16- 56.28438 T 19- 72.71960 T 20- 72.71960

T 23- 71.28174 T 25- 89.95709 T 27- 87.989E7

T 29- 68.32202 T 31- 84.956?3 T 33- 67.$4825

T 35- 66.11159 T 37- 64.70544 T 101- 222.84900

C,A3[Z PC-SZNOA. THR[.I COLU)M OU_PUY

(C) COPYRZGHY 1982o 1993, 1994. _3IS, 1918, 1917 J.D.G#_[Z $INOAY138?/ANS! 1.31 N[TNDRR ANALYSZ$ A3SOCZAT_S, INC. - PAGZ

TEST, PC-$ INOA

T 41- -420.00000 T 42- 30.00000 T 999- |0.00000

T 100- 400.00000 T _02- L00.00000 T 1101- 0.01714
T LI02- 0.01714 T 1103- 0.01714 T 1104- 0,01714

T 1105- 0.03441 T L10&- 0.03395 T 1107- 0.08436

TI_- 6|00.00000 DT_EU- 2.00000[+01 CSGMIN( Z)- 2.34139[+01

TEHPCC( _- L.54348[-01 _[I.XCC( 101)- 0.00000£+00

T i- $7.00209 T 2- $9.18943 T 40- 51.71115

T 39- 84.454£$ T 99- 54.75934 T 4- 74.90131

T 6- 72.96869 T _" 72.94869 T 12- 5?.04209

T 15- 57,01209 T 19- 72.96483 T 20- 72.98869

T 23- 71.5808? T 25- _0.30145 T 27- 68.38025

T 29- 66.74?44 T 31- 65.48|83 T 33- 88.26123

T 35- 88.$9174 T 37- 65.22634 T 101- 221.31040
T 41- -420.00000 T 42- 30.00000 T 999- IO.00000

T 100- 400.00000 T L02- [00.00000 T 1101- 0.01721

T L102- 0.01721 T 1103- 0.01721 T 1104- 0.01721

T 1105- 0,03433 T 110_ 0.03409 T 1107- 0.08463

*****e*l*l

TI_- 8900.00000 _YD_U- 2.00000[÷01 CSG_ZN( 2)- 2.3|849[÷01

Tlg_CC( 1)- L.4418_-01 RELXCC( 1011- 0.00000[÷00

T 1- 57.12434 T 2- 59,|$294 T 40- 59.4083?

T 39-- 84.99425 T 99- $9.¢5284 T 4-- 75.08|24

T 6-- 73.19977 T 9- 73,19977 T 12- 57.42434

T 1S- 5?.$2434 T 19- 73.199?? ? 20- 73.19977

T 23- 71,|5134 T 25- ?0,82119 T 2?- 68.78213
T 29- 89.22107 T 31- 85._4464 T 33- 84.84?09

T 35- 67.03138 T 3?- _5.71083 T L01- 220.01460
T 41- -420.00000 T 42- 30.00000 T 999- |0.00000

T 100- 400.00000 T L02- 100.00000 T 1101- 0.01727

T 1102- 0.01727 T LL03- 0.01727 T 1104- 0,01727

T [105- 0.03487 T _106- 0.03421 T 1107- 0.061|9

,°°***,***

T_- ?000,00000 OTIH_U- 2.00000[+01 CSGHIN( 2)- 2.3|443[+01

TEHPCC( L)- 1.34102[-01 _LXCC{ L01)- 0.00000_+00

T I- 51.51471 T 2- _0.44?73 T 40- 80.05144

T 39- 85.4?626 T 99- 60,09711 T 4- " 75.22321

T _- 73,41425 T _" 73.41425 T 12- 55.51471

T 15- 54.5147l T 19- ?3.41425 T 20- ?3,41425

T 23- 72.115?| T 25- 70.91913 T 27- 69.11700

T 29- _?._2398 T 3_- 88.34757 T 33- 69.00574
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T 35- 67.44073 T 3?- 66.16132 ? 101- 215.|0110

T 41- -420.00000 T 42- 30.00000 T 999- |0.00000

T 100- 400.00000 T 102- i00.00000 T 1101- 0.01733

T 1102- 0.01T33 T 1103_ 0.01733 T ii04- 0.01733

T 1105-- 0.03479 ? 110&- 0.03433 T 1107- 0.06913

GASXI ?C-$2_DA. T_U_EE COLUMN OUTPUT

I[C) COPYRIGHT 15|2.19|3.19|4, 1985.19e6,1917 J.D.GASKI SlMDA/19|7/NCSI 1.31 METI_RK AMALY$_3 ASSOCIATES. INC. - PAGE

TF..ST. PC-SIN_q,

.ltttaetee

TI_- ?100.00000

TI_QCC [

T 1- 59.15E68 T Z-

T 39" 65.93384 T 99-

T 6- 73.61322 T 9-

T 15- S$.lSGG| T 19"

T 23- 72.35461 T 25-
T 29" 67.99834 T 31-

T 35- 67.$2111 T 3T-

T 41- -420.00000 T 421 30.00000 T 999.,.

T 100- 400.00000 T 102- 100.00000 T 1101-

T 1102- 0.01738 T 1103- 0.01738 T 1104-

T 1105- 0.03490 T 1106- 0.0344S T llO?-

e,l,,eeo*l

TI_" ?200.00000 DTIMEU- 2.00000E_01 CSGMIN{ 2)" 2.3019|E+01
TEMPCC [ 1)" 1.158G6E-01 RKLXCC( 101)" 0.00000g+00

T 1- S9.75336 T 2" 61.62476 ? 40" il.20?95

T 3_,- 66.35170 T 99-- 61.25122 T 4- 75.30037

T 6,- 73.79?79 T 9- 73.?977_ T 12- 59.7533G

T 13- 59.75336 T 19,. 73.?9779 T 20- T3.79779

T 23- ?2.57623 T 25- 71.45081 T 27- 69.75250

T 29" 68.34S95 T 31- 67.1|140 T 33- 69.6479S

T 35- 68.17383 T 37- 66.968|T T 101-- 216.60090

T 41- -420.00000 T 42- 30.00000 T 999- |0.00000

T 100- 400.00000 T 102- 100.00000 T 1101- 0.01743

T II02- 0.01743 T 1103- 0.01743 T 1104" 0.01743
T 1105" 0.03300 T _I06- 0.03455 T 1107- 0.06955

DT_EE_k, 2.00000E÷01 CS¢_IZN¢ 2)- 2.3833GE÷01
11- 1.2466_-01 RE_(CCC 101)- 0.00000E+00

61.07721 T 40- 60.65125

&0.69543 T 4- T5.36694

73.S1322 T 12- 55.15666

73.61322 T 20- 73.61322

71.19301 T 27- G9.44672

66.79932 T 33- 6%.33899

66.5|032 T 101- 217.66360

10.00000

0.0193|

0.0173|

0.06939

,?.3
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IV. Presentation and Discussion of Results:

A. Presentation of Unprocessed Results:

Graphical representation of the transient thermal analysis, results are presented in
this section. Temperatures corresponding to the nodes labeled in Figures 3a and 3b
are calculated at discrete time steps, over a period of two hours. Transient
temperanu'e distributions across the inner helix, outer helix, and servoactuators may
be obtained from these data.

B. Discussion of Results:

Hydraulic oil inlet (Node 4) and outlet (Node 39) temperatures are plotted, as
functions of time, in Figure 4. The figure was generated by plotting the
temperatures of nodes 4 and 39, for an elapsed time of one hour. For a supply

temperature of 100F, it is clear that the temperatures become relatively constant
within one hour and that actuator freezing is not a problem. It was further shown,

l-.owever, that the actuator thermal condition is highly sensitive to A P and to the
supply temperature. This sensitivity is a result of the non-linear change in fluid
viscosity, as the temperature drops.

The flow in the helix is susceptable to freezing when supply temperature is
decreased to 80F; this is shown in Figures 5a and 5b. Addition of a 300 W strip
heater at the actuator neck alleviates the freezing problem, as evidenced by the
transient temperature and flowrate profiles shown in Figures 5c and 5d,
respectively. In the event that a heater fails during prelaunch, thermal conditioning
may be accomplished through cyclic operation of the liquid hydrogen recirculation
pump as indicated in Figures 5e and 5f. This allows a vapor pocket to form at the
ball valve inlet, greatly reducing the cryogenic heat leak. If proper propellant and
engine conditioning can be achieved, a launch scrub might be avoided. In Figure
5e it is shown that by reducing the cryogenic heat leak by a factor of a factor of
five, (simulating turning the liquid hydrogen recircuiation pump off), thermal
conditioning recovers within one hour. Cylic operation of the liquid hydrogen
re,circulation pump could avoid a launch scrub. In Figure 5f it is demonstrated that
cyclic recirculation pump operation allows flow recovery before actuator freezing.

When a APU start is simulated thermal conditioning after T-5 min is not a problem
because hydraulic pressure is increased to 3000 PSI at the APU start, and the
thermal response is rapid This is demonstrated in Figures 6a and 6b The fluid
temperature and the fluid flow recover within one or two minutes. This
demonstrates that engine start could be achieved easily from the MFVA outlet
temperature of 10 Deg F at APU start. (The MFVA must be above 35 Deg F at

engine start).

While the simulation in Figures 6a and 6b did not include throttling work to the
fluid or slewing of the actuator piston, Figures 7a and 7b show the thermal
response where the effects of Joule Thompson heating are included. Joule
Thompson heating is significant when throttling over large pressure ranges. The
response rates are rapid.
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Hydraulic inlet (Node 4) and outlet (Node 39) temperatures with freeze

conditions. The actuator zkP is 300 PSID and the supply temperature is 80

DegF.
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Helix flow rate (Node 1107) during transient actuator freeze. The actuator

z_ is 300 PSID and the supply temperature is 80 Deg F.
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Hydraulic inlet (Node 4) and outlet (Node 39) temperatures when heater is

present. The actuator z_ is 300 PSID, the supply temperature is 80 Deg F
and the heater power is 300 W.
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Helix flow rate (Node 1107) when heater is present. The actuator zXP is

300 PSID, the supply temperature is 80 Deg F and the heater power is 300
W.
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cyclic liquid hydrogen recirculation pump operation. The actuator AP is
300 PSID and the supply temperature is 80 Deg F.

0.08 t
_, 0.07 -I

0.05

0.04

_,_ 0.03 1

0.02
0.01

0.00
0

Figure 5f.

I NODE 1107 I

I I I

2000 4000 6000 8000

TIME (SEC)

Helix flow rate (Node 1107) with simulated cyclic liquid hydrogen

recirculation pump operation. The actuator AP is 300 PSID and the supply
temperature is 80 Deg F.
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Hydraulicinlet(Node 4)and outlet(Node 39) temperanu'eswith an APU
start simulation. The supply temperature is constant and there is no
throttling energy.
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Helix flow rate (Node 1107) with an APU start simulation. This is a

transient response. The supply temperature is constant and there is no
throttling energy.
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Hydraulic inlet (Node 4) and oudet (Node 39) temperatures with Joule
Thompson heating. This is a transient response with throttling.
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Helix flow rate (Node 1107) recovery with Joule Thompson heating. This

is a transient response with throttling.
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CHAPTER 5. N.DIMENSIONAL BRANCHING NETWORK.
1-DIMENSIONAL FLUID FLOW

SECTION 4: Hazardous Gas Concentration in Oxygen/Hydrogen
Systems

ANALYSIS CODE: SINDA

Following is an example of a problem worked during the Shuttle program, to understand
the steady-state and transient response of gas concentrations. The application for this work
includes both prediction and understanding of data collected for each Shuttle launch on the
hazardous gas detection system. Primarily, the gas mixture concentrations are of interest
in the Orbiter aft compartment both prior to and during flight. The presence of both oxygen
and hydrogen systems dictates strict leak detection requirements and active inerting of
compartments (inert gas purges) prior to flight. The safety approach includes prevention of
fuel concentrations, prevention of oxygen concentrations, and elimination of any ignition
source.

The Space Shuttle Orbiter aft compartment houses the three Space Shuttle Main Engines, all
propellant feed and conditioning systems, and associated fill and drain systems required by
the vehicle. Leakage of volatile fuels in closed comparmaents is quite dangerous, so safety

precautions are required. Real-time monitoring of gas concentrations by mass
spectrometers is also required. A schematic of the compartment is given in Figure 1.

_v nl,n.Lam '_" AIItA ImtJ_

Villi LOOIC fill APT

TO IIl_. s
CONTPN_kL ill

_TfIOLLlll

I

Z D Imm_

z e 381"

iiAS! 04EAT SHIELD

I llll li_

l I 1_181 I ! II

t t41 SlOt

Figure 1. Space Shuttle Orbiter Aft Compartment

Detection of leaks and preventions of hazards was of engineering concern throughout the
Shuttle development program. Understanding of leak characteristics, however, became
extremely important during preparation for STS-6, when hydrogen leakage in the aft
compartment was detected during the 20 second (on-pad) flight readiness firing. Location
of this leak (a cracked weld in an SSME high pressure fuel line) required weeks of
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troubleshooting,testing,anddataanalysis.Theanalysisdescribedhere was utilized during
that investigation to define the magnitude of leakage and the flight hazard. Closed form
solutions for transient simulations are included.

I. Identification of the Problem.

A. Statement of the Problem.

Consider a single compartment of a given volume, containing both oxygen and
hydrogen systems, and continuously purged with nitrogen at a given flow rate.
Assume that the gas concentration is 100% nitrogen at tame zero and that at engine

ignition (time zero) a fuel (hydrogen) leak initiates. If the firing lasts 20 seconds, and
the leak terminates with the end of firing, find the transient concentration of hydrogen

gas in the compartment. The nitrogen purge is constant at 300 lb/min before, during,
and after firing.

B. Schematic

leak initiates in

compartment at
t=0 and continues
to t=20 sec.

Vent _ent

C. Given

1. N2 Purge rate, 300 lb/min

2. Compartment Volume, 4550 ft .3

3. I-I2 Ieak Rate Parametrically Evaluated

4. 20 second firing (constant leak rate)

D. F'md

1. The wansient Fig concentration during firing

2. The transient FI2 concentration decay after firing

II. Formulation of the Problem

A. Simplifying Assumptions
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I. The volurncof hydrogen inthecompartment ismuch lessthanthe total

compartment volume

2. The compartment pressure, temperature, and density remain constant during
and after firing.

3. The H 2 leak rate is much less than the compartment purge rate.

4. The compartment mixture is uniform throughout

B. Initial/Boundary Conditions

1. Aft Compartment initially inert

2. N 2 Purge Rate, 300 lb/min

III. Mathematical Formulation

Let V m be the volume of H a in the compartment at time t

then,

-'*-:axt=Volumetric Rate H2 in - Volumetric Rate H2 out
dt

Volumetric Rate H2 in = Leak Rate = LRH2

]F Total FlowVolumetric Rate H2 out = VH2 / Leaving
.VComp artment LCompartmenl

assuming flow leaving compartment is purge rate (because we have assumed LR<<
Purge Rate)

_ Vm
Volumetric Rate H2out-[4550 ft3 ]

300 lb/min 1 [rnm]

07 lb / t60 secJ
" ft3 J

Volumetric Rate H2 out = 0.0157 VH2

and

dV&KT,.= LRH2 - 0.0157 Vtt2

separating and solving,

dVl-12 -- dt
LRH2 - 0.0157 VH2

let u = LRI42 - 0.0157 VH2

du -- -0.0157 dVn2
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dufinuu

{_0.01157) In (LRI-12 - 0.0157 Vrt2 )=t +C

at t -- o, VH2 = 0

In (LRm - 0.0157 VH2) - In LRm = -0.0157t

In(LRH2- 0.0157 VH2) =_0.0157 tLRH2

LRH2 - 0.0157 VH2 = e.0.0157 t
LRH2

solving for V_

-0.0157 VH2 = LRH2 e "0'0157 - LRH2

vm = LRH2(1- e-o.o157,)0.0157 (1)

Equation (1) describes the volumetric concentration of hydrogen with time during
firing. Typically, the concentration is described in parts per million (ppm). For
example, ff a leak rate of H2of a magnitude of 100,000 SCIM (standard cubic inches

per minute) exists during a 20 second firing, the concentration would be determined
as follows:

LRm = 100,000 SCIM = 0.96 ft3
s¢c

0.96 [1- e ('0"0157)t20"0)]

Vm = 0.0157

Va2 -- 16.5 ft

H2 Concentration - Vm = 16.5 = 3.626 x 10 "3
Veompmment 4550.0

In PPM

H2 Concentration = (3.626 x 103_[ 1.0 x 106)

H2 Concentration = 3626 ppm
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Therefore,attheend of a 20 second f'n-ing,with a constantleakof I00,000 SCIM,

the _ concentration in the aft comparanent should bc 3626 ppm.

The decay of _ after firing can also be derived. This, of course, assumes that at the

end of fa'ing, the leak stops. After firing at elapsed time te;

dVm = Volumetric Rate H2 in - Volumetric Rate H2 out
dh

Volumetric Rate H2 in = 0

Volumetric Rate Ha out 45501 07 It) _60 sec/
" ft 3 ]

Volumetric Rate H2 out = 0.0157 VH2

therefore,

dVH2 = -0.0157 VH2
dh

= -0.0157 dte
Vm

In VH2 = -0.0157 te+ c

at the end of fLring, te = 0, VH2 = (VH2) max where (VH2)ma x is determIned from

equation (1) at t = 20 sec., end of fLring.

then,

c = In (Vmknax

and,

In (VI-12) = In (VH2)max - 0.0157 to

In[( VI_V ,x] =-0.0157te

VI-12=(vm}-.e"_°_"

tocquatetotime t,from thebeginningof thefiring,

lettf= firingduration

then,
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te-t-t f

and,

vm = e-o.01 7(t-t,) (2)

Therefore,fora flightreadinessfiring,thetransientvolume ofhydrogen inthe

Orbiteraftcompartment can be describedasfollows:

LRtt2(1- • -0"0157 t)

Vm = 0.0157 .0 < t < tf

Vm = (Vm)max • -0"0157(t" t,), tf < t < ot

Equation (2) describes the transient decay of I-L2 after firing, assuming the leak stops

at engine shutdown, and the purge continues at a constant value throughout time.
Using the example given above for the transient concentration during fining,

(VH2)max - 3626 ppm, and the volume of H 2, VII 2 - 16.5 ft 3 at t = 20. To find the

concentration of H 2 at t = 100 see., equation (2) can be used as follows:

VH2 = 16.5 e -o.°xSv(t- u)

Vtt2 = 16.5 • -°.°1570°°" 2o)

Vm = 4.7 ft 3

4.7(Concentration =I4550/,, 106)= 1033H2 ppm
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IV. Presentation and Discussion of Results

The formulations given above have been pro_ed and the transient concentration
of hydrogen has been plotted for parametric leaks, during a 20 second firing. These
calculations, while fairly simple and straight forward, have been quite useful in
determining "rough order-of-magnitude" leak rates during the Shuttle program. The
methods can be used for other compartments, given that the simplifying assumptions
are realistic. It is interesting to note that leak rates can be estimated from knowledge
of either the concentration increase or decay with time.

H2 CONCENTRATION VERSUS TIME, 20 SEC FIRING

--o-- 10he - o - tom --4-- _oo, -'O'- 1om _ tom

_ _ _ ' ' l ' ' ' I ' ' ' I _ " 'i i i i i " ' ' ! _i !

350o_........t--_............................i-.--.;--.-._........................................................:-._
[ //x',_ .. _oo,ooosc_ i i_

 ooo ..........................................................

xs0o ................................
= .......................................

,oo 
0

0 40 80 120 160 200
TIME (SEC)

Figure 2. Hight Readiness Firing Simulation

V. Numerical Solution

A. Statement of the Problem

Because the problem discussed above can be complicated by leakage of both
hydrogen and oxygen, and because simulation of leaks during assent is of interest, a
numerical model was generated using the SINDA code as a programming aid. The
model utilizes the ideal gas law and calculates concentrations based upon mass
fractions. The model is capable of solving the simple flight readiness fi_ring program
discussed above, but is also capable of simulating mixture gas concentrations during

flight. Mass concentrations of nitrogen, oxygen, and hydrogen are tracked
numerically. Flight simulations require the ascent pressure profile versus time, and
also require the knowledge of vent areas for the aft compartment.
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B. Schematic.
300lb/minpurge
(purge terminates at launch)

leaks initiates in

f compartment at t=0and continues to
t=20 sec. (for flight

  iness

Vent "" _ _Vent

C. Given

1. N 2 Purge Rate 300 lb/min prior to flight

2. N 2 Purge Rate 0 during flight
3. Compartment Volume, 4550 ft 3

4. Compartment Vent Area, 312 in 2
5. Ascent Pressure Profile given versus time

D. Find

1. Numerical Simulation of Flight Readiness firing discussed above

2. Parametric (transient) H 2 gas concentrations during flight

3. Simulation of oxygen leakage during flight

V I. Formulation of the Problem

VII.

A. Simplifying Assumptions

1. The compartment mixture is uniform

B. Initial/Boundary Conditions

1. Prior to Fright Purge Rate = 300 Ib/min
2. During flight Purge Rate = 0 lb/min
3. Ambient Pressure initially -- 14.7 psia
4. Ascent Pressure Profile given versus time

Mathematical Formulation (Numerical Modal)

A. Presentation of Results

The model was run for several different boundary conditions to simulate different

operating conditions. Shown in figure 3 is a transient response for a flight
readiness firing, similar to the previous discussion. Figure 4 shows the transient

response of I-I2 concentration during ascent for a constant leak rate of hydrogen.
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IX.

X •

Note that for a constant leak rate, with no purge, the I-I2 concentration must

eventually approach 100%. While flammability is normally a concern for

concentrations above 4% I-I2, flame propagation is not typically considered a

problem below 1 psia. This compartment pressure occurs prior to 100 seconds into
flight (typical ascent profile). The flammability limit versus flight time is also
shown on figure 4. Figure 5 shows an ascent simulation of both oxygen and
hydrogen leaks. Again, the period of interest is prior to 100 seconds flight time.

Closing Comments

This example is a very good illustration of the power of simplified hand
calculations, and the extensions possible through numerical analysis. This

particular problem, I-I2 leakage, has been and continues to be a major concern for

the Shuttle program.

References

Spiegel, Murray R., Applied Differential Equation, 1958, Prentice Hall, Inc., New
Jersey, pp. 89-91.

g
t-
O

.-i

8

e.

2=

4000

3500

3000

2500

2000

1500

1000

500

0

FRF SIMULATION, 100,000 SCIM LEAK

' ' ' I ...... I ' ' I ' '

........................................ ii..................... t + 24 _............

0 40 80 120 160 200
Time, Sec

Figure 3. Numerical Results for Flight Readiness Firing
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FLIGHT SIMULATION, 80,000 SCIM H2 LEAK

7.o1 I........I÷ ...............T....................i.....................i................6.0io'........_ 25...............!....................i.....................i.........

i i.................i.....................,.................2.0 10 5

1.0 10 5

oo_oo_ _, _ ,__*: i
0 20 40 60 80 100 120

Time, Sec

Figure 4. Hydrogen Concentration Versus Flight Time Compared To Flammability Limit
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Figure 5. Simultaneous Simulation of H2 and 02 Leakage

5-4-10



Numerical Model Listing, Flight Readiness Firing Simulation

BCD

BCD

END

BCD

END

BCD

END

BCD

GEN

END

BCD

3THERMAL LPCS

9 AFT COMPARTMENT PURGE/VENT/HAZ GAS MODEL

3NODE DATA

I000,70.0,I.0 SDUMMY NODE

-1,20.0, i.0 $MOL FRACTION 02

-2, 0.0, i.0 $MOL FRACTION H2

-3,80.0,1.0 SMOL FRACTION N2

-4,2116.0,1.0 $INTERNAL PRESSURE

-5,2116.0,1.0 SEXTERNAL PRESSURE

-6,0.,0.0 SDELTA P

-7,

-ii

-12

-13

-20

-21

-22

-23

-24

-25

-26

0.0, i.0

,0.0,I.0

0.0, I.0

0.0,I.0

0.0, i.0

0.0,I.0

0.0,I.0

0.0,I.0

0.0,I°0

$CAVITY TOTAL DENSITY

$N2 FLOW LBM/MIN

$H2 FLOW SCIM

$02 FLOW SCIM

$TOTAL FLOW OUT LBM/MIN

$N2 FLO OUT

_H2 FLO OUT LBM/MIN

$02 FLO OUT LBM/MIN

$ PPP H2

0.0, I.0 $ FLAM LIM

0.0, I.0 $ %FLAM LIM

3CONDUCTOR DATA

i000,I000, I, i0.0 $DUMMY CONNECTOR

3CONSTANTS DATA

DTIMEH, 0.01

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

DRLXCA= 0.001

ARLXCA= 0.001

NLOOP= 50

NDIM=250

DTIMEI= 0.01

OUTPUT= 1.0

TIMEND= 210.

JTEST, 0 $ OUTPUT FLAG

KTEST, 0 $

8,530. $ H2 TEMP. (DEG R)

15, 00.0E-6 $ INITIAL H2 CONCONCENTRATION

101,60,1, 0.0 $ DUMMY VARIABLES

3ARRAY DATA

i STIME VS EXT PRESS (STSI4) PSF

0.,2110.

1000.,2110.

END

6 $TIME VS. AFT COMPARTMENT TEMP

0.000, 70.0

I000.000, 70.0

END

2 $N2 PURGE

0.0,300.,1000.0,300.

END

3 $H2 LEAK RATE (SCIM)

0.0,0.0,9.999,0.0

10.0,100000.,30.,100000.,30.01,0.,1000.,0.

END

5-4-1 1



4 502 LEAK RATE (SCIM)

0.,0.,300.,0.

END

I0 $ H2 FLAM LIMIT

0.,40000.,72.,40000.,76.,42500.,78.,46000.,81.,50000.

87.,65000.,92.,95000.,130.,1000000.

END

II $ TIME VS. PRESS

0.,2110.

1000.,2110.

END

END

BCD 3EXECUTION

OPEN(3,FILE="AFT.PLT",STATUS-"UNKNOWN")

WRITE{3,2)NNT, (NX(LNODE+I),I=I,NNT)

2 FORMAT(I6/,50(I6,31X, I6/))

CALL FWDBKL

END

BCD 3VARIABLES 1

C

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

M EQUIVALENCE

C

M

M

M

C

(XKI01 RHOB), (XKI02,CPO2), (XKI03,CPN2)

(XKI04 CPH2), (XKIO5,CV02), (XKIO6,CVN2)

(XKI07 CVH2), (XKI08,RO2), (XKI09,RN2)

(XKII0 RH2), (XKIII,RAIR), (XKII2,TN2)

(XKII3 TO2), (XKII4,TH2), (XKII5,V), (XKII6, CD)

(XKII7 PEXT), (XKII8,PII), (XKII9,PIO)

(XKI20,PEXTO), (XKI21,XH2I), (XKI22,XO2I)

(XKI59,XN2I), (XKI23,YMN20), (XKI24,YMO20)

(XKI25,YMH20), (XKI26, YMGO), (XKI27,CVBMB)

(XKI28,TB}, (XKI29,TBO), (XKI30,RBMG), (XKI31,RB)

(XKI32,XCH2X), (XKI33,VH2X), (XKI34,TAFT)

(XKI35,WN2I), (XKI36,WH2I), (XKI37,WO2I)

(XKI38,AEXIT), (XKI39,XP2), (XKI40,WBO), (×KI41,WBOM)

(XKI42,YMG), (XKI43,WRATIO), (XKI44,WN20]

(XKI45,WH20), (XKI46,WO20), (XKI47,XMG)

(XKI48,YMFN2), (XKI49, YMFH2), (XKISO,YMFO2)

{XKI51,CPBWB), (XKI52,PI), (XKI53,CVBMBO)

(XKI54,XN2), (XKI55,XH2), (XKI56,XO2), (XKI57,VH2IX)

(XKI58,VH2OX)

CALL DIDEGI(TIMEO, AI0,T25)

T26=T25/10000.

IF (TIMEO.NE.0.0] GO TO I0

C INITIALIZE VARIABLES

C

F RHOB-.050

F CPO2-.219

F CPN2-.248

F CPH2-3.42

F CVO2-.156

F CVN2-.177

F CVH2=2.43

F RO2=1545.4/32.

F RN2=1545.4/28.

F RH2=1545.4/2.

F RAIR-1545.4/29.

F TN2s530.

F TO2=530.

M TH2_XK8

F V-4550.0
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F

M

F

F

F

M

F

F

F

F

F

F

F

F

F

F

F

F

F

F

M

F

M

M

F

C

C

C

M

F

M

F

F

F

C

C

C

F

F

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

C

C

C

F

F

F

F

lo

CD-0.6

PEXT-A(I+2)

PII-14.696"144

PIO-PEXT

PEXTO-PEXT

XH2I-XKI5

XO21-00.E-6

XN21-I-XH2I-XO2I

YMN20-XN2I'PIO*V/RN2/TN2

YMO20-XO2I'PIO*V/RO2/TO2

YM.H20-XH2I'PIO*V/RH2/TH2

YMGO-YMN20+YMO20+YMH20

CVBMB-YMO20*CVO2+YMH20*CVH2+YMN20"CVN2

TB-(CVN2*YMN20*TN2+CVH2*YMH20"TH2+CVO2*YMO20*TO2)/CVBMB

TBO-TB

RBMG-RH2*YMH20+RN2*YMN20+RO2*YMO20

RB-RBMG/YMGO

XCH2X-XH2I

VH2X-XCH2X'V

CONTINUE

CALL DIDEGI(TIMEO,A6, TAFT)

TAFT-TAFT÷459.6

CALL DIDEGI(TIMEO, AI,PEXT)

CALL UIDEGI(TIMEO,A2,WN2I)

WN2I-WN21/60.

LOOK UP LEAK RATE

II CALL DIDEGI(TIMEO, A3, WH2I)

WH21=WH21*PII/RH2/530./1728./60.

CALL DIDEGI(TIMEO,A4,WO2I)

WO2I-WO2I*PII/RO2/530./1728./60.

AEXIT-(285.0+27.0)/144.

XP2-PEXT/PIO

CALCULATE FLOWS

12 WBO_CD*AEXITtSQRT(ABS(64.4*RHOB'PIO'I.4/.4"(XP2''(2./I.4)

-XP2"*(2.4/1.4))))

IF (PIO.LE.PEXT) WBOs-WBO

WBOM=CD'AEXIT*PIO*SQRT(32.2"I.4/RB'{2./2.4)''{2.4/.4)/TAFT)

CHECK FOR CHOKED FLOW CONDITIONS

13

14

IF (XP2.LE.0.5283) WBO-WBOM

ICHPT=0

GO TO 14

CONTINUE

YMG-PEXT*V/RB/TAFT

WBO-(YMGO-YMG)/DTIMEU

IF(ICHPT.EQ.I)STOP

ICHPT-I

CONTINUE

WRATIO-WBO/WBOM

WN20-WBO*YMFN2

WH2OsWBO*YMFH2

WO20=WBO*YMFO2

DETERMINE NEW CONCENTRATIONS

YMG_YMGO+DTIMEUt(WN2I+WH21+WO2I-WBO)

YMN2-YMN20+DTIMEU*(WN2I-WN20)

YMH2sYMH20÷DTIMEU*(WH2I-WH20)

YMO2=YMO20+DTIMEU'(WO2I-WO20)
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F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

M

F

F

F

F

F

M

F

M

F

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

XMG-YMN2+YMH2+YMO2

YMFN 2 - YMN2 / YMG

YMFH2-YMH2/YMG

YMFO2-YMO2/YMG

CPBWB-WO2I'CPO2+WN2I*CPN2+WH2I'CPH2

CVBMB-YMO2"CVO2+YMH2tCVH2+YMN2_CVN2

RBMG-RH2"YMH2+RN2tYMN2÷RO2tYMO2

RB-RBMG/YMG

TB.(CVN2-YMN2tTN2÷CVH2"YMH2"TH2+CVO2tYMO2"TO2)/CVBMB

PI-RBMG'TAFT/V

RHOB-PI/RB/TAFT

XP2-PI-PEXT

IF(PEXT.LT.PEXTO.AND.PI+I.E-2.LT.PEXT) GO TO 13

YMGO- YMG

PIO-PI

PEXTO-PEXT

CVBMBO-CVBMB

YMN20-YMN2

YMO20-YMO2

YMH20-YMH2

XN2-YMFN2"RN2/RB

XH2-YMFH2*RH2/RB

XO2-YMFO2*RO2/RB

CALL DIDEGI(TIMEO,A3,WH21)

VH2IX-WH21/1728/60"DTIMEU*PII/PEXTtTAFT/530.

VH2OX-VH2IX*XCH2X

VH2X-VH2X+VH2IX-VH2OX

XCH2X-VH2X/V

IF(XO2.LE.0.0) XO2=l.E-6

TI-ALOGI0(100.'XO2)

IF(XH2.LE.0.0) XH2-I.E-6

T2-ALOGI0(100.*XH2)

IF(XN2.LE.0.0) XN2-I.E-6

T3-ALOGI0(100.*XN2)

T4-(PEXT/144.)

IF(PEXT.LE.0.0) PEXT-A(I+2)

TS-ALOGI0(PEXT/144.)

T6-(PI-PEXT)/144.

T7-100.'XH2

T24-T7*I0000.

TIIzI00.*XO2

TI2-100.'XN2

T20-PI/144.

IF(PI.LE.0.0) PI-A(I+2

T21-ALOGI0(PI/144)

T22-WBO*60.

T23-100.'XCH2X

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

TIMEN-TIMEN-10.0

TIMEO-TIMEO-10.0

TIMEMsTIMEM-10.0

WRITE(3,1)TIMEN, (T(1),I-I,NNT)

FORMAT(EI0.3/,50(7FI2.3/)
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C

c

C

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

C

C

F

F

F

F

F

F

F

F

?

F

F

F

F

F

F

F

F

THREE COLUMN OUTPUT ROUTINE, STNDRD

J-LNODE+NCSGMN

II-NX(J)

IF(J.LE.LNODE)II-O

J-LNODE+NDTMPC

I2-NX(J)

[F(J.LE.LNODE) I2-0

J-LNODE+NARLXC

I3-NX(J)

IF(J.LE.LNODE) I3-O

WRITE(6,9)TIMEN, DTIMEU, II,CSGMIN, I2,DTMPCC, I3,ARLXCC

FORMAT(/,IIH "''_''''**/6H TIMEsFI2.5,8X, SH DTIMEU-IPEI2.5,

8H CSGMIN(I6,2H)-IPEI2.5,/,18X,8H TEMPCC(I6,2H)-IPEI2°5,

8H RELXCC(I6,2H)=IPEI2.5)

NLINE-NLINE+4

THREE COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (6, i00)

I00 FORMAT (IH)

NLINE-NLINE+I

J-i

Ls3

5 IF(L.LT.NNT)GO TO I0

LzNNT

I0 WRITE(6,101) (HT,NX(I+LNODE),T(I),I = J,L)

101 FORMAT(3(IX, AI,16,1H=,FI2 5,1X))

IF(L.EQ.NNT)GO TO 6

J=L+I

LsL+3

GO TO 5

6 CONTINUE

TIMEN-TIMEN+I0.0

TIMEO-TIMEO+I0.0

TIMEM-TIMEM+I0.0

END

BCD 3END OF DATA
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Numerical Model Listing, Flight Simulation

BCD 3THERMAL LPCS

BCD 9 AFT COMPARTMENT FLIGHT SIMULATION

END

BCD

END

BCD

END

BCD

GEN

END

BCD

3NODE DATA

i000,70.0, i.0 SDUMMY NODE

-1,20.0,1.0 $MOL FRACTION 02

-2, 0.0, I.0 $MOL FRACTION H2

-3,80.0,1.0 $MOL FRACTION N2

-4,2116.0,1.0 $INTERNAL PRESSURE

-5,2116.0,1.0 $EXTERNAL PRESSURE

-6,0.,0.0

-7,0.0,1.0

-II 0.0, I.0

-12 0.0, I.0

-13 0.0,I.0

-20 0.0,I 0

-21 0.0,I 0

-22 0.0, 1

-23 0.0, 1

-24 0.0, 1

-250.0,1

-260.0,1

-28,0.0, i

SDELTA P

$CAVITY TOTAL DENSITY

$N2 FLOW LBM/MIN

$H2 FLOW SCIM

302 FLOW SCIM

$TOTAL FLOW OUT LBM/MIN

$N2 FLO OUT

0 $H2 FLO OUT LBM/MIN

0 $02 FLO OUT LBM/MIN

0 $ PPP H2

0 $ FLAM LIM

0 $ %FLAM LIM

0 $ PPM 02

3CONDUCTOR DATA

i000,i000,i, i0.0 SDUMMY CONNECTOR

3CONSTANTS DATA

DTIMEH, 0.05

TIMED, 0.0

DAMPA, 0.5

DAMPD,0.5

DRLXCA- 0.001

ARLXCA= 0.001

NLOOP 1 50

NDIM-250

DTIMEI_ 0.05

OUTPUT- 1.0

TIMEND- 120.

JTEST, 0 $ OUTPUT FLAG

KTEST, 0 $

8,530. $ H2 TEMP. (DEG R)

15, 00.OE-6 $ INITIAL H2 CONCONCENTRATION

101,60,1, 0.0 $ DUMMY VARIABLES

3ARRAY DATA

1 $TIME VS EXT PRESS (STSI4) PSF

0.,2110.

5.,2096.

10.,2045.

15.,1956.

20.,1832.

25.,1677.

30.,1502.

35.,1317.

40.,1133.

45.,955.

50.,787.
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C

F

F

2

C

F

C

55

60

65

7O

75

80

85

9O

95

634

.495

,373

.269

.186

.124

80.8

51.42

32.25

I00.,19.95

i05., 12.25

110.,7.51

115., 4.63

120.,2.91

124.91,1.88

130.,i.2

END

6 STIME VS

-I0.000, 74

5.000, 74

20.000, 74

35.000, 63

50.000, 49

65.000, 55

80.000, 51

95.000, 56

ll0.000, 62

END

2 $N2

-20., 300

END

3 SH2

0., 70000

END

AFT COMPARTMENT

435, -5.000,

531, i0.000,

047, 25.000,

956, 40.000,

749, 55.000,

061, 70.000,

621, 85.000,

923, I00.000,

202, 115.000,

PURGE

.,0.,0.,300.,0.

LEAK RATE (SCIM)

.,300.,70000.

TEMP (STS6

74

76

69

58

46

56

53

58

63

DB-V38T9272A)

435, .000, 77.863

078, 15.000, 74.435

302, 30.000, 67_458

782, 45.000, 53.488

390, 60.000, 51.523

923, 75.000, 54.323

391, 90.000, 55.158

685, 105.000, 60.445

956

4 502 LEAK RATE (SCIM)

0.,50000.,300.,50000.

END

I0 $ H2 FLAM LIMIT

0.,40000.,72.,40000.,76.,42500.,78.,46000.,81.,50000.

87.,65000.,92.,95000.,130.,1000000.

END

Ii $ TIME VS. PRESS

0.,2110.,5.,2096.,10.,2045.

15.,1956.,20.,1832.,25.,1677.

30.,1502.,35.,1317.,40.,1133.

45.,955.,50.,787.,55.,634.,60.,495.

65.,373.,70.,269.,75.,186.,80.,124.

85.,80.8,90.,51.42,95.,32.25,100.,19.95

105.,12.25,110.,7.51,115.,4.63,120.,2.91

124.91,1.88,130.,1.2

END

END

BCD 3EXECUTION

OPEN(3,FILE="EMLFLT.PLT",STATUS="UNKNOWN")

WRITE(3,2)NNT, (NX(LNODE+I),I=I,NNT)

FORMAT(16/,50(16,31X,16/))

CALL FWDBKL

END

BCD 3VARIABLES 1

EQUIVALENCE (XKIOI,RHOB), (XKI02,CPO2), (XKI03,CPN2)
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M EQUIVALENCE (XKI04,CPH2), (XKIO5,CVO2), (XKI06,CVN2)

M EQUIVALENCE (XKI07,CVH2), (XKI08,RO2], (XKIOg, RN2)

M EQUIVALENCE (XKII0,RH2), (XKIII,BAIR), (XKII2,TN2)

M EQUIVALENCE (XKII3,TO2), (XKII4,TH2), (XKII5,V), (XKII6, CD}

M EQUIVALENCE (XKII7,PEXT), (XKII8,PII), (XKII9,PIO)

M EQUIVALENCE (XKI20,PEXTO), (XKI21,XH2I), (XKI22,XO2I)

M EQUIVALENCE (XKI59, XN2I), (XKI23,YMN20), (XKI24,YMO20)

M EQUIVALENCE (XKI25,YMH20), (XKI26, YMGO), (XKI27,CVBMB)

M EQUIVALENCE (XKI28,TB], (XKI29,TBO), (XKI30,RBMG), (XKI31,RB)

M EQUIVALENCE (XKI32,XCH2X), (XKI33,VH2X], (XKI34,TAFT)

M EQUIVALENCE (XKI35,WN21), (XKI36,WH2I), (XKI37,WO21)

M EQUIVALENCE (XKI38,AEXIT), (XKI39,XP2), (XKI40,WBO), (XKI41,WBOM)

M EQUIVALENCE (XKI42,YMG), (XKI43,WKATIO), (XKI44,WN20)

M EQUIVALENCE (XKI45,WH20), (XKI46,WO20), (XKI47,XMG)

M EQUIVALENCE (XKI48,YMFN2), (XKI49, YMFH2),(XKISO, YMFO2)

M EQUIVALENCE (XKI51,CPBWB), (XKI52,PI), (XKI53,CVBMBO)

M EQUIVALENCE (XKI54,XN2), (XKI55,XH2), (XKI56,XO2), (XKI57,VH2IX)

M EQUIVALENCE (XKI58,VH2OX)

C

CF WRITE(6,5557)YMFO2

CF5557 FORMAT(IX, FIS.7)

C

M CALL DIDEGI(TIMEO, AI0,T25)

M T26-T25/10000.

M IF (TIMEO.NE.0.0) GO TO I0

C

C INITIALIZE VARIABLES

C

F RHOB=.050

F CPO2_.219

F CPN2=.248

F CPH2-3.42

F CVO2-.156

F CVN2-.177

F CVH2-2.43

F RO2-1545.4/32.

F RN2=1545.4/28.

F RH2_1545.4/2.

F RAIR-1545.4/29.

F TN2m530.

F TO2-530.

M TH2-XK8

F V-4550.0

F CD=0.6

M PEXT=A(I+2)

F PII=14.696_144

F PIO=PEXT

F PEXTO-PEXT

M XH2I-XKI5

F XO2I=O0.E-6

F XN21-1-XH21-XO21

Y YMN20-×N2I*PIO*V/RN2/TN2

F YMO20-XO2ItPIO*V/RO2/TO2

F YMH20-XH2I*PIO'V/RH2/TH2

F YMGO=YMN20+YMO20+YMH20

F CVBMB-YMO20_CVO2 +YMH20_CVH2+YMN20*CVN2

F TB=(CVN2*YMN20"TN2+CVH2*YMH20*TH2+CVO2*YMO20*TO2)/CVBMB

F TBO=TB

F RBMG-RH2*YMH20+RN2 *YMN20+RO2tYMO20

F RB=RBMG/YMGO

F XCH2X=XH2I

F VH2X=XCH2X*V

F i0 CONTINUE

M CALL DIDEGI(TIMEO,A6, TAFT)
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F

M

M

F

C

C

C

M

F

M

F

F

F

C

C

C

F

F

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

C

CF

C

F

F

F

C

CF

C

TAFT-TAFT+459.6

CALL DIDEGI(TIMEO, AI,PEXT)

CALL DIDEGI(TIMEO,A2,WN2I)

WN2I-WN21/60.

LOOK UP LEAK RATE

ii CALL DIDEGI(TIMEO, A3,WH2I)

WH2I-WH2I*PII/RH2/530./1728./60.

CALL DIDEGI(TIMEO,A4,WO2I)

WO2I-WO2I_PII/RO2/530./1728./60.

AEXIT-(285.0+27.0)/144.

XP2-PEXT/PIO

CALCULATE FLOWS

12 WBO=CD*AEXIT'SQRT(ABS(64.4"RHOB*PIO*I.4/.4"(XP2"'(2./I.4)

-XP2"*(2.4/1.4))))

IF (PIO.LE.PEXT) WBO=-WBO

WBOM-CD"AEXIT'PIO*SQRT(32.2*I.4/RB'(2./2.4)''(2_4/.4)/TAFT)

CHECK FOR CHOKED FLOW CONDITIONS

IF (XP2.LE.0.5283) WBO=WHOM

ICHPT-0

GO TO 14

13 CONTINUE

YMG-PEXT'V/RB/TAFT

WBOz(YMGO-YMG)/DTIMEU

IF(ICHPT.EQ.I)STOP

ICHPTzl

14 CONTINUE

WRATIO-WBO/WBOM

WRITE(6,5556)WN20,WH20,WO20

WN20=WBO'YMFN2

WH20=WBO'YMFH2

WO20=WBO*YMFO2

WRITE (6, 55.56) WN20, WH20, WO20

C

c

CF

F

F

F

F

CF

F

F

F

F

F

F

F

F

F

F

F

F

F

F

DETERMINE NEW CONCENTRATIONS

WRITE(6,5557)YMO2

YMG_YMGO+DTIMEU'(WN21+WH21+WO21-WBO)

YMN2_YMN20+DTIMEU*(WN2I-WN20)

YMH2-YMH20+DTIMEU'(WH21-WH20)

YMO2-YMO20+DTIMEU'(WO21-WO20)

WRITE(6,5557)YMO2

XMG-YMN2+YMH2+YMO2

YMFN2-YMN2/YMG

YMFH2-YMH2/YMG

YMFO2"YMO2/YMG

CPBWB-WO2I'CPO2+WN2I'CPN2+WH2I'CPH2

CVBMB=YMO2"CVO2+YMH2"CVH2+YMN2*CVN2

RBMG=RH2"YMH2+RN2"YMN2+RO2"YMO2

RB-RBMG/YMG

TBz(CVN2*YMN2"TN2+CVH2*YMH2"TH2+CVO2"YMO2"TO2)/CVBMB

PI_RBMG'TAFT/V

RHOB=PI/RB/TAFT

XP2=PI-PEXT

IF(PEXT.LT.PEXTO.AND.PI+I.E-2.LT.PEXT) GO TO 13

YMGO=YMG
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F

F

F

F

F

F

F

F

F

CF

CF

CF

F5556

C

M

F

F

F

F

F

M

F

M

F

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

C

PIO-PI

PEXTO-PEXT

CVBMBO-CVBMB

YMN20-YMN2

YMO20-YMO2

YMH20-YM/42

XN2-YMFN2"RN2/RB

XH2-YMFH2*RH2/RB

XO2-YMFO2"RO2/RB

WRITE(6,5556)×N2,XH2,XO2

WRITE{6,5556)YMFN2,YMFH2,YMFO2

WRITE(6,5556)RN2,RH2,RO2

FORMAT(IX,3FI6.7)

CALL DIDEGI(TIMEO,A3,WH2I)

VH2IX-WH21/1728/60*DTIMEU'PII/PEXT*TAFT/530.

VH2OX-VH21X*XCH2X

VH2X-VH2X+VH2IX-VH2OX

XCH2X-VH2X/V

IF(XO2.LE.0.0) XO2-I.E-6

TI-ALOGI0(100._XO2)

IF(XH2.LE.0.0) XH2-I.E-6

T2-ALOGI0(100.*XH2!

IF(XN2.LE.0.0) XN2-I.E-6

T3-ALOGIO(IOO.*XN2)

T4-(PEXT/144.}

IF(PEXT.LE.O.0) PEXT-A(I÷2)

T5-ALOGIO(PEXT/144.)

T6-(PI-PEXT)/144.

T7-IO0.'XH2

T24mT7*I0000.

T28-XO2"I000000.

TII-100.'XO2

TI2-1OO.'XN2

T20-PI/144.

IF(PI.LE.O.O) PI=A(I+2)

T21=ALOGI0(PI/144)

T22=WBO*60.

T23-100._XCH2X

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

DATA HT/4HT /

WRITE(3,1)TIMEN,(T(I),I=I,NNT)

FORMAT(EI0.3/,50(TFI2.3/))

C THREE COLUMN OUTPUT ROUTINE, STNDRD

C

F J=LNODE+NCSGMN

F II-NX(J)

F [F(J.LE.LNODE)II-0

F J-LNODE+NDTMPC

F I2_NX(J)

F IF{J.LE.LNODE) I2-O

F J=LNODE+NARLXC

F 13mNX(J)

F IF(J.LE.LNODE) I3=O

F WRITE(6,9)TIMEN,DTIMEU, II,CSGMIN,[2,DTMPCC, I3,ARLXCC
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F

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

FORMAT(/,IIH "**''*'*''/6H TIME-FI2.5,SX, SH DTIMEU-IPEI2.5,

$ 8H CSGMIN(I6,2H)-IPEI2.5,/,18M, SH TEMPCC(I6,2H)-IPEI2.5,

$ 8H RELXCC(I6,2H)-IPEI2.5)

THREE COLUMN OUTPUT ROUTINE, TPRNTX

WRITE (6, i00)

I00 FORMA%T (IH )

J-i

L-3

5 iF(L.LT.NNT)GO TO I0

L-NNT

I0 WRITE(6,101) (HT, NX(I+LNODE),T(I),I - J,L)

i01 FORMAT (3 (IX, AI, I6, IH-, FI2.5, IX) )

IF(L.EQ.NNT)GO TO 6

J-L+1

L=L+3

GO TO 5

6 CONTINUE

END

BCD 3END OF DATA
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CHAPTER 5. N-DIMENSIONAL BRANCHING NETWORKS,
1-DIMENSIONAL FLUID FLOW

SECTION 5: Pressure Balancing, Techniques for Saturated (Two-
Phase) Flows

ANALYSIS CODE: SINDA

A common problem encountered by thermal analysts involves a saturated fluid and the
potential for two-phase flow. This is especially true in cryogenic systems. Simulation of
heat transfer and flow distribution is quite complex and sometimes impractical other than

for bulk (average) conditions. The example that follows illustrates simple assumptions and
techniques for determining steady state flow distributions in parallel flow passages with
unequal flow resistances. These non-uniform flow distributions could be caused by
geometry, but in this example are caused by non-uniform heating, to a saturated fluid. The
non-uniform heating causes unequal amounts of vapor in the flow, resulting in unequal
flow losses and mass flow rates. The simple solution technique is referred to as pressure
balancing. Given the downstream pressure, total flow, and heat distribution, the upstream
pressure can be determined by iterating until the sum of flows in parallel legs just equals the
system total flow (hence pressure balancing). The assumption which allows calculation of
fluid properties in the two-phase regime is usually called homogeneity. That is the bulk
fluid properties can be calculated as the mass averaged sum of the liquid and vapor
properties (based upon fluid quality). These very simple assumptions can lead to
understanding of complex flow systems, not necessarily precise simulations, but
fundamental understanding of key relationships and variables significantly affecting system
response.

I. Identification of the Problem

A. State of the Problem

Consider the flow schematic given below. Saturated fluid flows in 13 parallel
passages between two plenums. Heat is added non-uniformly to the fluid in the
parallel flow channels. The total flow and heat distribution are given (parametrically).
The upstream pressure and local flow rates are calculated. This type of problem
could be encountered in a tube and shell heat exchanger.
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B. Schematic

Figure 1. PerspectiveView of FlowPassages
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Figure 2. Schematic Representation of Flow Passages
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C. Given

D°

1. Flow geometry Area = .016 in 2, Dia = 0.09", Length = .375"
2. Downstream Pressure
3. Total Flow rate

4. Distribution of heat (see figure 2)
5. Fluid is saturated

Find

1. The distribution of flow

2. The upstream pressure and total pressure drop
3. The fluid quality in each channel
4. The percent vapor by volume in each channel

II. Formulation of the Problem

IIl.

A. Simplifying Assumptions

1. Fluid density is calculated via homogeneity

V = V1 + X Vlg

B. Initial/Boundary Conditions

1. Downstream Pressure
2. Fluid is saturated
3. Constant/known heat load for each channel

Mathematical Formulation

The problem was formulated and programmed using SINDA as a programming aid.
The program is versatile and can include parametric variations in flow rate, heat
distribution, or pressure. The example given here is for a downstream pressure of

300 psia. As stated earlier, the program, through pressure balancing, the assumption
of homogeneous properties, and given distribution of heat, calculates local flows,
local quality, and total pressure drop. A very simple iteration scheme is used to solve
for the upstream pressure which matches the parametric system flow rate.

IV. Presentation and Discussion of Results

Figure 1 shows the given distribution of heat. Figures 2, 3, and 4 show the
calculated local fluid quality, local percent vapor by volume, and local mass flow rate

for the parallel flow passages. Here, total flow is varied parametrically.
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V. Closing Comments

VI.

This simple example illustrates two useful techniques for approaching complex
problems. The analyst may at fast feel that homogeneous properties are an over
simplification of complex physical phenomena. This is true for precise predictions of
performance, but for gaining parametric insight into system response, trends, and key
variables, this assumption is quite useful. When faced with a seemingly impossible
problem, the analyst is advised to proceed based upon simplifying assumptions. The
insight gained nearly always leads to more detailed and accurate simulations,
identification of appropriate test requirements, or realistic engineering understanding
of expected or observed system response.

References

Van Waylen, Gordon J., and Sonntag, Richard E., Fundamentals of Classical
Thermodynamics, Copyright - 1973, Johy Wiley and Sons, Inc., pp. 52-58
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OUTPUT LISTING

(C) COPYRIGHT 1982,1983,!984,1985,1986,1987 J.D.GASKI

ANALYSIS ASSOCIATES, INC. - PAGE 1

PRESSURE BALANCE, TWO PHASE FLOW

POS

1

2

3

4

5

6

7

8

9

10

ii

12

13

P! P2 MDOT TOT MDOT LOC QUAL

306.20 300.00 2.00 0.1186 0.19

306.20 300.00 2.00 0.1272 0.15

306.20 300.00 2.00 0.1482 0.08

306.20 300.00 2.00 0.1679 0.04

306.20 300.00 2.00 0.1758 0.03

306.20 300.00 2.00 0.1780 0.03

306.20 300.00 2.00 0.1784 0.02

306.20 300.00 2.00 0.1780 0.03

306.20 300.00 2.00 0.1758 0.03

306.20 300.00 2.00 0.1679 0.04

306.20 300.00 2.00 0.1482 0.08

306.20 300.00 2.00 0.1272 0.15

306.20 300.00 2.00 0.1186 0.i9

POS

1

2

3

4

5

6

7

8

9

i0

Ii

12

!3

PI

319.90

319 90

319 90

319 90

319 90

319 90

319 90

319 90

319 90

319 90

319 90

319 90

319 90

P2

300

3OO

300

3OO

300

3OO

3OO

3OO

300

30O

3O0

3OO

300

MDOT TOT

O0 4 .00

00 4 O0

00 4 O0

O0 4 O0

00 4 00

O0 4 O0

00 4 00

00 4 00

O0 4 00

O0 4 00

O0 4 O0

O0 4 00

OO 4 O0

SINDA/1987/ANSI 1.31

POS

1

2

3

4

5

6

7

8

9

10

12

-3

Pl

341.30

341.30

341.30

341.30

341.30

341.30

341.30

341.30

341.30

341.30

341.30

341.30

341.30

P2 MDOT TOT

300 00 6 00

300 00 6 00

300 00 6 00

300 00 6 00

300 00 6 00

300 00 6 00

300.00 6 00

300.00 6 00

300.00 6 00

300.00 6 O0

300.00 6 00

300.00 6 00

300.00 6 00

VVAP/VLIQ

2.41

1.84

0.94

0.45

0.31

0.27

0.26

0.27

0.31

0.45

0.94

1.84

2.41

MDOT LOC QUAL VVAP/VLIQ

0.2667 0.09 0.92

0.2776 0.07 0.74

0.3022 0.04 0.43

0.3234 0.02 0,22

0.3315 0.02 0.15

0.3336 0.01 0.14

0.3341 0.01 0.13

0.3336 0.01 0.14

0.3315 0.02 0.15

0.3234 0.02 0.22

0.3022 0.04 0,43

0.2776 0.07 0.74

0.2667 0.09 0.92

POS Pl P2 MDOT TOT

1 371.10 300.00 8.00

2 371.10 300.00 8.00

3 371.10 300.00 8.00

4 371.10 300.00 8.00

5 371.10 300.00 8.00

6 371.10 300.00 8.00

7 371.10 300.00 8.00

8 371.10 300.00 8.00

9 371.10 300.00 8.00

i0 371.10 300.00 8.00

MDOT LOC

0.4205

0.4318

0.4565

0.4771

0.4849

0.4869

0.4873

0 4869

0 4849

0 4771

0 4565

0 4318

0 4205

QUAL

0.06

0.05

0.03

0.02

0.01

0.01

0.01

0.01

0.01

0.02

0.03

0.05

0.06

QUAL

0 O4

004

0 02

0 Ol

0 C1

0 0!

0 0!

0 01

0 01

0 01

MDOT LOC

0 5767

0 5875

0 6110

0 6302

0 6374

0 6393

0 6397

0 6393

0 6374

0 6302

VVAP/VLIQ

0.53

0.44

0.26

0.14

0.i0

0.09

0.09

0.09

0.i0

0.14

0.26

0.44

0.53

VVAP/VLIQ

0.35

0.29

0.18

O.10

0.07

0.06

0.0"6

0.06

0.07

0.I0

NETWORK
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ii

12

13

POS

1

2

3

4

5

6

7

8

9

i0

!I

12

13

371.1o

371.10

371.10

Pl

41o.31

410.31

410.31

410.31

41o.31

410.31

410.31

41o.31

410.31

410.31

410.31

410.31

410.31

300.00

300.00

300.00

P2

300.00

300.00

300.00

300.00

300.00

300.00

300.00

300.00

300.00

300.00

300.00

300.00

300.00

8.00

8.00

8.00

MDOT TOT

I0 00

I0 00

I0 00

i0 00

I0 00

I0 00

i0 00

I0.00

i0.00

i0,00

i0.00

I0.00

I0.00

0.6110

0.5875

0.5767

MDOT LOC

0.7340

0.7440

0.7654

0 7828

0 7892

0 7909

0 7912

0 7909

0 7892

0 7828

0 7654

0 7440

0 7340

0.02

0.04

0.04

QUAL

0.04

0.03

0.02

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.02

0.03

0.04

0.18

0.29

0.35

VVAP/VLIQ

0.25

0.21

0.13

0.07

0,05

0.05

0.04

0.05

0.05

O.07

0.13

0.21

0.25
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MODEL LISTING

BCD 3THERMAL LPCS

BCD 9PRESSURE BALANCE, TWO PHASE FLOW

END

BCD 3NODE DATA

-i

-2

-3

-4

-5

-6

-7

-8

-9

-I0

-II

-12

-I

0 0, 1 0 $ MDOT LOCAL

0 0, 1

0 0, 1

0 0, 1

0 0, 1

0 0, 1

0.0, 1

0.0, 1

0.0, 1

0.0,

0.0,

0.0,

, 0.0,

0 S

0 S

0 $

0 S

0 $

0 S

0 $

0 S

.0 S

.0 S

.0 S

.0 S

-201, 0.0, 1.0 S LOCAL QUAL:TY

-202 0.0, 1.0 S

-203 0.0, 1.0 $

-204 0.0, 1.0 $

-205 0.0, 1.0 $

-206 O.0, 1.0 $

-207 0.0, 1.0 $

-208 0.0, 1.0 $

-209 0.0, 1.0 $

-210 0.0, 1.0 $

-211, 0.0, 1.0 $

-212, 0.0, 1.0 $

-213, 0.0, 1.0 $

-301, 0.0, 1.0 $ VOL VAPOR/VOL LIQ

-302, 0.0, 1.0 $

-303, 0.0, 1.0 $

-304, 0.0, 1.0 $

-305 0.0, 1.0 $

-306

-307

-308

-309

-310

-311

-312

-313

0.0,1.05

00, I.0S

00, i.0$

00,1.0S

00,1.0S

00,1.05

00, I.05

00, I.0$

-501, 0 0, 1 0 S

-502, 0 0, i 0 $

-503, 0 0, I 0 $

-504, 0 0, 1 0 $

-505, 0 0 I 0 $

-506, 0 0 1 0 S

-507, 0 0 1 0 $

-508 0 0 i 0 $

-509 0 O 1 0 $

-510 0 0 I 0 S

-511 0 0 1 0 $

-512 0 0 1 0 $

-513 0 0 I 0 $
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-i00, 0.0, 1.0 $ PRES 1

-i01, 0.0, 1.0 $ PRES 2

-102, 0.0, 1.0 $ MDOT TOTAL

-103, 0.0, 1.0 $

1001,0.0,1.0 $ DUMMY

i002,0.0,1.0

GEN -1201,13,1, 0.0,I.0 $

GEN -2201,13,1, 0.0,I.0 $

GEN -3201,13,1, 0.0,I.0 $

GEN -5201,13,1, 0.0,I.0 $

GEN -1401,13,1, 0.0,I.0 $

GEN -2401,13,1, 0.0,i.0 $

GEN -3401,13,1, 0.0,I.0 $

GEN -5401,13,1, 0.0,I.0 $

GEN -1601,13,1, 0.0, I.0 $

GEN -2601,13,1, 0.0, i.0 $

GEN -3601,13,1, 0.0, i.0 $

GEN -5601,13,1, 0.0,i.0 $

GEN -1801,13,1, 0.0, I.0 $

GEN -2801,13,1, 0.0, i.0 $

GEN -3801,13,1, 0.0,I.0 $

GEN -5801,13,1, 0°0,I.0 $

GEN -2001,13,1, 0.0,i.0 $

GEN -3001,13,1, 0.0,I.0 $

GEN -4001,13,1, 0.0, i.0 $

GEN -6001,13,1, 0.0,I.0 $

END

BCD 3CONDUCTOR DATA

i,I001, i002,1 0

END

BCD 3CONSTANTS DATA

DTIMEI, I.E-5

DTIMEH, I.E-5

NLOOP, 100

TIMEND,.I

OUTPUT, I.E-5

ARLXCA, .01

DRLXCA,.01

TIMEO, 0.0

DAMPA, 0.5

DAMPD, 0.5

NDIM, 1000

END

BCD 3ARRAY DATA

1 $ POSITION VS FRICTIONAL HEAT LOAD (BTU/SEC)

1.0, 1.13

2.0, 0.93

3.0, 0.51
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C

F

F

F

F 12

C

Y

C

F 1

C

M

M

M

M

M

M

M

M

M

200.0

25O .0

300.0

350.0

400.0

450.0

500.0

END

4.0, 0.18

5.0, 0.059

6.0, 0.028

7.0, 0.021

8.0, 0.028

9.0, 0.059

I0.0, 0.18

ii.0, 0.51

12.0, 0.93

13.0, 1.13

END

2 $ PRES VS LIQUID SPECIFIC VOLUME AT SATURATION

150.0, 0.01647

200.0, 0.01709

250.0, 0.01770

300.0, 0.01832

350.0, 0.01896

400.0, 0.01964

450.0, 0.02039

500.0, 0.02122

END

3 $ PRES VS VAPOR SPECIFIC VOLUME AT SATURATION

150.0, 0.40132

0.29991

0.23731

0.19450

0.16316

0.13903

0.11970

0.10366

4 $ PRES VS HFG

150.0, 74.40

200.0, 70.11

250.0, 66.05

300.0, 62.08

350.0, 58.13

400.0, 54.14

450.0, 50.01

500.0, 45.66

END

END

BCD 3EXECUTION

OPEN (3 , FI LE-"TPF •P LT" ,STATUS-"UNKNOWN" )

NWRT-21

WRITE (3,12) NWRT, (I, I-l, 21)

FORMAT(I6/,250(I6,31X, I6/))

XMCHK-0.

XMCHK-XMCHK+2.0

CALL DIDEGI(I.0,AI,QZI)

CALL DIDEGI(2.0,AI,QZ2)

CALL DIDEGI(3.0,AI,QZ3)

CALL DIDEGI(4.0,AI,QZ4)

CALL DIDEGI(5.0,AI,QZS)

CALL DIDEGI(6.0,AI,QZ6)

CALL DIDEGI(7.0,A1,QZ7)

CALL DIDEGI(8.0,AI,QZ8)

CALL DIDEGI(9.¢,AI,QZ9)
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F

F

F

F

F

F

F

F

F

Y

F

F

F

F

C

F

F

C

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

F

C

w

F

F

F

F

F

F

Y

F

F

F

F

F

F

C

F

Y

F

F

F

F

CALL DIDEGI(10.0,AI,QZI0)

CALL DIDEGI(I!.0,AI,QZlI)

CALL DIDEGI(!2.0,AI,QZI2)

CALL DIDEGI(13.0,AI,QZI3)

QFACml.0

QDIV-I.0

QADD=0.251

QZI=QFAC'QZl/QDIV+QADD

QZ2=QFAC'QZ2/QDIV+QADD

QZ3=QFAC*QZ3/QDIV+QADD

QZ4=QFAC'QZ4/QDIV÷QADD

QZS=QFAC'QZ5/QDIV÷QADD

QZ6"QFAC'QZ6/QDIV+QADD

QZ7=QFAC*QZ7/QDIV+QADD

QZS=QFAC'QZS/QDIV+QADD

QZ9=QFAC'QZ9/QDIV÷QADD

QZI0=QFAC'QZI0/QDIV+QADD

QZlI-QFAC'QZlI/QDIV+QADD

QZI2=QFAC'QZI2/QDIV+QADD

QZI3=QFAC*QZI3/QDIV+QADD

PRI=302.0

PR2=300.0

TOTAL FLOW RATE LB.SEC

XMST_0.1_XMCHK/13.0

XMDTIz×MST

XMDT2=XMST

XMDT3-XMST

XMDT4-XMST

XMDT5-XMST

XMDT6-XMST

XMDT7-XMST

XMDT8"XMST

XMDT9-XMST

XMDTIO-XMST

XMDTII-XMST

XMDTI2sXMST

XMDTI3-XMST

!0 CONTINUE

CALL DIDEGI(PR!,A4,XHFG_

XVAP!zQZI/XHFG

XVAP2=QZ2/XHFG

XVAP3-QZ3/XHFG

XVAP4-QZ4/XHFG

XVAPS-QZS/XHFG

XVAP6-QZ6/XHFG

XVAPT*QZ7/XHFG

XVAP8-QZS/XHFG

XVAP9-QZ9/XHFG

XVAPIO-QZI0/XHFG

XVAPII-QZI1/XHFG

XVAPI2-QZI2/XHFG

XVAP!3-QZI3/XHFG

XQALi=XVAPI/XMDTI

XQAL2-XVAP2/XMDT2

XQAL3-XVAP3/XMDT3

XQAL4-XVAP4/XMDT4

XQAL5-XVAP5/XMDT5

XQAL6-XVAP6/XMDT6

XQAL7=XVAPT/XMDT7
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F

F

F

F

F

F

C

F

F

F

F

F

F

F

F

F

F

F

F

C

F

F

F

F

F

F

F

F

F

F

F

F

F

C

M

M

F

C

F

F

F

F

F

F

F

F

F

F

F

F

F

C

F

F

F

F

F

F

F

F

F

F

F

XQAL8-XVAP8/XMDT8

XQAL9-XVAP9/XMDT9

XQALIO-XVAPI0/XMDTI0

XQALII-k'VAPII/XMDTII

XQALI2-k'VAPI2/XMDTI2

XQALI3-XVAPI3/XMDTI3

IF(XQALI.GT.I.0)XVAPI-XMDTI

IF(XQAL2.GT.I.0)XVAP2"XMDT2

IF(XQAL3.GT.I

IF(XQAL4.GT.I

IF(XQALS.GT.I

IF(XQAL6.GT.I

IF(XQAL7.GT.I

IF(XQALS.GT.I

IF(XQAL9.GT.I

0)XVAP3-XMDT3

0)XVAP4zXMDT4

0)XVAP5-XMDT5

0)×VAP6-XMDT6

0}XVAPT-XMDT7

0}XVAPS=XMDT8

O)XVAPg-XMDT9

IF(XQALIO.GT.I.0)×VAPI0-XMDTI0

IF(XQALII.GT.I.0)XVAPII-XMDTII

IF(XQALI2.GT.I.0)XVAPI2=XMDTI2

IF(XQALI3.GT.I.0)XVAPI31XMDTI3

IF(XQALI.GT.I.0)XQALI*I.0

[F(XQAL2.GT.I.0)XQAL2=I.O

IF(XQAL3.GT.I.01XQAL3=I.0

IF(XQAL4.GT.I.0)XQAL4-1.0

IF(XQAL5.GT.I.O)XQAL5=I.0

IF(XQAL6.GT.I.O)XQAL6_I.0

IF(XQAL7.GT.I.0)XQAL7=I.0

IF(XQAL8.GT.I.0)XQALS=I.0

IF(XQALg.GT.I.0)XQAL9-1.0

IF(XQALI0.GT.I.0)XQALIOII.0

IF(XQALII.GT.I.0)XQALII-I.0

IF(XQALi2.GT.I.0)XQALI2-1.0

IF{XQALI3.GT.I.0)XQALI3-1.0

CALL DIDEGI(PRI,A2,VLIQ)

CALL DIDEGI(PRI,A3,WAP)

VLG-WAP-VLIQ

VI=VLIQ+VLG'XQALI

V2-VLIQ+VLG*XQAL2

V3=VLIQ+VLG*XQAL3

V4-VLIQ+VLG_XQAL4

VS=VLIQ+VLG'XQAL5

V6-VLIQ+VLG'×QAL6

VTzVLIQ+VLG*XQAL7

VS-VLIQ+VLG'XQAL8

V9-VLIQ+VLG*XQAL9

VI0-VLIQ+VLG_XQALI0

VII-VLIQ+VLG'XQALII

VI2-VLIQ+VLGtXQALI2

VI3-VLIQ+VLG'XQALI3

CALL DELP(PRI,PR2,VI,XMDTI)

CALL DELP(PRI,PR2,V2,XMDT2)

CALL DELP(PRI,PR2,V3,XMDT3)

CALL DELP(PRI,PR2,V4,XMDT4)

CALL DELP(PRI,PR2,VS,XMDT5)

CALL DELP(PRI,PR2,V6, XMDT6)

CALL DELP(PRI,PR2,V7,XMDTT}

CALL DELP(PRI,PR2,V8, XMDT8)

CALL DELP(PRI,PR2,V9,×MDT9)

CALL DELP(PRI,PR2,VI0,XMDTI0)

CALL DELP(PR!,PR2,VII,XMDTII)
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F

F

C

F

F

C

F

F

F

C

M 2O

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

M

M

M

M

M

M

CALL DELP(PRi,PR2,VI2,XMDTI2)

CALL DELP(PRI,PR2,VI3,XMDTI3)

XMDTS-XMDTI+XMDT2+XMDT3+XMDT4-XMDT5÷XMDT6÷XMDT7

XMDTS-XMDTS+XMDTS+XMDT9+XMDTI0+XMDTII÷XMDTI2÷XMDTI3

IF(XMDTS.GT.XMCHK)GO TO 20

PRI=PRI+O.I

GO TO I0

TI=XMDTI

T2=XMDT2

T3"XMDT3

T4=XMDT4

T5=XMDT5

T6=XMDT6

T7=XMDT7

TS-XMDT8

T9"XMDT9

TIO-XMDTI0

TII_XMDTII

TI2=XMDTI2

TI3=XMDTI3

T2OI=XQALI

T202-XQAL2

T203-XQAL3

T204=XQAL4

T205=XQAL5

T206"XQAL6

T2OT"XQAL7

T208"XQAL8

T209-×QAL9

T210"XQALI0

T211_XQALII

T212_XQALI2

T213_XQALI3

T301=XVAPI'VVAP/(AMAXI((XMDTI-XVAPI),0

T302-XVAP2"WAP/(AMAXI((XMDT2-XVAP2),0

T303=XVAP3"VVAP/(AMAXI((XMDT3-XVAP3),0

T304=XVAP4"VVAP/(AMAXI((XMDT4-XVAP4),0

T305-XVAP5"VVAP/(AMAXI((XMDT5-XVAP5),0

T306-XVAP6"VVAP/(AMAXI((XMDT6-XVAP6),0

T307=XVAP7"VVAP/(AMAXI((XMDTT-XVAP7),0

T308-XVAP8"VVAP/(AMAXI((XMDTS-×VAP8),0

T309-XVAP9"VVAP/(AMAXI((XMDT9-×VAP9),0

T310-XVAPI0"VVAP/(AMAXI((XMDTI0-XVAPI0)

T311-XVAPII*VVAP/(AMAXI((XMDTII-XVAPII)

T312-XVAPI2"VVAP/(AMAXI((XMDTI2-XVAPI2)

T313-XVAPI3"VVAP/(AMAXI((XMDT!3-XVAP!3)

O001)'VLIQ)

0001) "VLIQ)

0001) fVLIQ)

O001)'VLIQ)

000!) "VLIQ)

0001) "VLIQ)

0001) "VLIQ_

0001) "VLIQ)

0001)'VLIQ)

0. 0001) "VLIQ)

0. 0001) *VLIQ)

0. 0001) "VLIQ)

0.0001)'VLIQ)

T501-XVAPI'WAP/(AMAXI(

T502-XVAP2*WAP/(AMAXI(

TS03-×VAP3"VVAP/(AMAXI(

T504=XVAP4"VVAP/(AMAXI(

T505=×VAP5"VVAP/(AMAXI(

T506-XVAP6"VVAP/(AMAXI(

T507_XVAP7"VVAP/(AMAXI(

T508-XVAPS"WAP/(AMAXI(

T509-XVAP9"VVAP/(AMAXI(

TSI0=XVAPI0"VVAP/(AMAXI

TS!I_XVAPII_VVAP/(AMAXI

T512_XVAPI2"VVAP/(AMAXl

XMDT2-XVAP2)

XMDT3-XVAP3)

XMDT4-XVAP4)

XMDT5-XVAP 5)

XMDT 6-XVAP 6)

XMDTT-XVAP 7)

XMDTS-XVAP8)

XMDT9-XVAP91

XMDTI-XVAPI),i.E-5]'VLIQ_×VAP!'VVAP)

!.E-5)'VLIQ+XVAP2"VVAP)

I.E-51"VLIQ+XVAP3"VVAP)

I.E-5)'VLIQ+XVAP4"WAP}

!.E-5)'VLIQ+XVAP5*WAP)

I.E-5)'VLIQ+XVAP6"VVAP!

I.E-5)'VLIQ÷XVApT'VVAP)

I.E-5)'VLIQ+XVAP8"VVAP}

I.E-5)'VLIQ÷XVAP9*VVAP)

(XMDTI0-XVAPI0),!.E-5)'VLIQ+XVAP!0"WAP)

(XMDTII-XVAPII),I.E-5)'VLIQ÷XVAPII'WA?)

(XMCTI2-XVAPI2),I.E-5)'VLIQ+XVAPI2"WAP)
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M

C

F

F

C

F 81

M

M

M

M

FIO00

C

F 82

M

M

M

M

FI001

C

F 83

M

M

M

M

FI002

C

F 84

M

M

M

M

FI003

C

F 85

M

M

M

M

FI004

C

M

M

M

M

M

M

M

M

M

M

M

M

M

C

M

M

M

M

F

F

F

C

F

C

T513.XVAPI3*WAP/{AMAXI((XMDTI3-XVAPI3),I.E-5)'VLIQ+XVAPI3*WAP)

IXC-(XMCHK/2.)+O.I

GO TO (81,82,83,84,85),IXC

DO I000 I-I,13

T (1201+I-I) -T (l+I-l)

T (2201÷I-i) -T (201 _I-i )

T (3201+I-i) =T (301÷I-i)

T(520I+I-I)-T(501÷I-I)'I00.

CONTINUE

DO i001 I-I,13

T(14OI+I-I)_T(I+I-I)

T(2401÷I-I)-T(201+I-I)

T(3401+I-I)'T(301+I-I)

T(540I+I-I)*T(501÷I-I)'I00.

CONTINUE

DO 1002 I-I,13

T (I 601+I-I) -T (l÷I-l)

T (2601.I-I) =T (201÷I-I)

T(3601÷I I)-T(301+I-I)

T(5601+I-I)_T(501+I-I) tlO0.

CONTINUE

DO 1003 I-I,13

T(1801÷I-I)'T(I÷I-I)

T(280I+I-I)=T(201*I-I)

T(380I÷I-I)-T(301+I-I)

T(580I+I-I)-T(501+I-I)"I00.

CONTINUE

DO 1004 I-i,13

T (2001 ÷I-l) "T (l+I-l)

T (3001÷I-l) -T (201+I-i)

T (4001+I-i) -T (301+I-i)

T{6OOI+I-I)'T(501÷I-I) "I00o

CONTINUE

T501zTS01"I00.

T502=T502"I00,

TS03=T503_I00,

TSO4=TS04"IO0°

TS05=T505*I00.

TS06-TS06_I00.

T507-T507*IO0.

T508-T508*IO0o

T509-TS09"I00.

T510-T510"I00_

T511-T511"I00.

TSI2-TSI2*I00,

TSI31T513"I00,

TIOO=PRI

TI01-PR2

TI03=TI00-TI01

TI02-XMCHK

TIMEN-XMCHK

TIMEO-XMCHK

TIMEM-XMCHK

CALL OUTCAL
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F

C

F 99
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F
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F
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M

M

M
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F

F

F

F

F

F

F

C

F

F

C

F

F

F

F

F

C

C

C

II

9C

i0

IF(XMCHK.GT.9.9)GO TO 99

GO TO 1

CONTINUE

DO 90 I=i,13

TIME=I

TIME=((TIME-I.O)/12.)'360.

TX2=T(1201÷I-I)

TX4=T(1401+I-I)

TX6=T(1601_I-I)

TX8=T(1801÷I-I)

TXIO=T(2001+I-I)

QX2=T(2201÷I-I)

QX4=T{2401+I-I)

QX6=T (2601÷I-I)

QXS-T (2801+I-I)

Q×I0-T (3001÷I-1)

VX2=T(3201+I-I)

VX4=T(3401+I-I)

VX6=T(3601÷I-I)

VXS=T(3801÷I-I)

VXI0=T{4001+I-I)

VVX2zT(5201÷I-I)

VVX4=T(5401÷I-I)

VVX6=T(5601÷I-I)

VVX8=T(5801÷I-I)

VVXI0=T(6001+I-I)

XI=I

CALL DIDEGI(XI,AI,QZZ)

QZZ=QZZ+0.251

WRITE(3,11)TIME, TX2,TX4,TX6,TXS,TXlO,

QX2,QX4,QX6,QXS,QXI0,

VX2,VX4,VX6, VX8,VXI0,

VVX2,WX4,WX6,WXS,VVXI0,

QZZ

FORMAT(EI0.3/,250(7FI2.3/))

CONTINUE

RETURN

END

SUBROUTINE DELP(PUP,PDN,V, XMDT)

AREA=0.20988/13.0

×L=0.375

D=.99

XMDT=AREA'SQRT(({PUP-PDN)'2.'32.2"I2.)/(4.'.O6"(XL/D),V,1728.))

RETURN

END

BCD 3VARIABLES I

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

WRITE(6,10)

FORMAT(/,1X, ' POS P1

' QUAL VVAP/VLIQ')

P2 MDOT TOT MDOT LOC ',
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F

M

F 3O

F 4O

C

CF

C

DO 40 I-l, 13

WRITE (6, 30) I,TIO0,TI01,TI02,T(I+I-I),T(201÷I-I) ,T(301÷I-I)

FORNAT(lX, I4,F10.2oF10.2,F10.2,FIO.4,FI0.2,F10.2I

CONTINUE

CALL TDUMP

END

BCD 3END OF DATA
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CHAPTER 5: N-DIMENSIONAL BRANCHING NETWORKS
1-DIMENSIONAL FLUID FLOW

SECTION 6: Venting of an Electronic Box, in the Space Shuttle Cargo Bay,
During Ascent

ANALYSIS CODE: FLAP / SINDA

I. Identification of the Problem:

A. Statement of the Problem:

Consider an electronic box located in the space shuttle cargo bay. During the ascent
phase of a space shuttle flight, the pressure in the cargo bay decreases, at a rapid
rate. Vent holes are usually provided to equalize the pressure between the inside
and outside of the box, in order to avoid any deformation of the box. Vent hole
sizes must be determined by performing the transient flow and thermal analyses.

B. Schematic:

C •

//.

F Twall, H

P2(z)

PI(X) _
m(x) _,- re(z)

T(z)

Figure 1. Schematic of Transient Depressurization of the Box

Given:

The following data is given for this problem:

1. The pressure history, within the cargo bay, is provided in the following
table:

Time (sec) Pressure (psia)

0 14.70
10 14.40
20 13.20
30 11.30
40 9.00
50 6.75
60 4.40
70 2.80
80 1.50
90 0.50
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.

D. Find:

100 0.25
The volume of the box is 500 cubic inches and the diameter of the (single)

vent hole is 0.05 inch. The initial temperature, within the box, is 70 °F.

3. The following thermo-physical data for air are used:

Specific heat at constant volume, cv = 0.17 BTU/lbm-°F
Gas constant, R = 53.20 lbf-ft/lbm-°R

Discharge coefficient for orifice, CD = 1.00

The transient distribution of pressure, mass, and temperature, in the box, during the

period of ascent.

II. Formulation of the Problem:

Two different forrr.ulations are described in this chapter. A finite-volume based procedure
that is used to solve the transient mass and energy conservation equations is described.
The results of the finite-volume procedure axe compared with the results of a finite-

difference procedure (of SINDA), for isothermal and isentropic conditions.

A. Governing Equations:

Finite.Volume Procedure:

During the ascent phase of a space shuttle flight, the pressure inside the cargo bay
decreases, due to venting of the contained air to the atmosphere. The electronic

box, located inside the cargo bay, must vent to equalize the pressure between the
inside and outside of the box. A pressure difference still exists between the inside
and outside of the box, since the pressure in the orbiter fails more rapidly than the
rate of airflow (through the vent hole) allows. In order to mathematically represent

the physical process, the box has been regarded as a control volume which loses or
gains mass from the surroundings (i.e., cargo bay), through the vent hole_

Mass Conservation Equation

The time-dependent mass and energy conservation equations are derived for the
control volume. Flow through the vent hole is modeled by either the formulation
derived in reference 2 for incompressible flow through nozzles, orifices, and

restrictions or by the orifice flow equation described in the following section.

The mass conservation equation can be written as

m,_+ax = mx - ria.c+axAx

where mx and mx+ax denote the resident mass of air, in the box, at time '_ and

x+Ax, respectively. The mass flowrate,.riax+ax, through the vent hole at time x+Ax,
is determined from the incompressible flow equation through nozzles, orifices, and

restrictions (see Reference 2).
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For theorifice flow equation(seeReference1),theflow throughtheventhole isa
functionof pressureratio,P2/PI,andis givenby

rhv=C (y-1)R (P_)rZ'IP1/ J (2)

Thecriticalpressureratio, rp¢,isgivenby

rp¢= [-2,--/_ (3)
Iy+l !

Enerav Conservation Eouation

The energy conservation equation can be written as

(mu)x+a x = (muh- riax+axAxh_ + HAAx(T.,al - Tx+az ) (4)

The expression for the internal energy at the current time step consists of three
terms. The first term on the right hand side of equation (4) represents the energy at
the previous time step. The amount of energy leaving the control volume, during
the current time step is represented by the second term in the equation. The third
term represents the heat transfer, from the wall, to the fluid. Omission of the third
term in equation (4) corresponds to an isentropic process. An isothermal case may
be modeled by setting H equal to a large value, which leads to

Tz+ax = Twall - Tx

Eouarion of State

During transient depressurization, it is assumed that thermodynamic equilibrium
exists. Therefore, the equation of state for an ideal gas is used to compute the
pressure in the box.

(5)
V

where R is the gas constant; T,t+ax is the temperature at time, x+Ax, and is

d_termined from the internal energy

Tx+a _ = Ux+ax (6)
Cv

Finite-Difference Procedure tSINDA):

The transient depressurization (venting) problem was also modeled using the
network analyzer, SINDA. The transient pressure distribution was calculated for
isothermal and isentropic formulations.
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B •

C •

Isothermal Formulation

The mass conservation equation is similar to that developed for the finite-volume
formulation. The energy conservation equation was obtained using the assumption

of constant temperature

Tlx+Ax = Tlx (7)

During depressurization, it is assumed that a state of thermodynamic equilibrium
exists. The derivation of equations is based upon the ideal gas law and the

assumption of isothermal conditions.

Isentrooic Formulation

The mass conservation equation is similar to that presented in the finite-volume
formulation. Instead of solving the energy conservation equation, the isentropic
relationship has been used to determine the thermodynamic states of the resident
mass. A constant-entropy assumption was made

S lx+A,_ = SIx
(8)

The pressure is determined with knowledge of two state variables, at any given
time, during the depressurization process. Thus,

Plx+ax = f(s,p)

Entropy (s) is known, and density (p) is determined at each time step, as a function
of the volume and remaining mass, within the volume. Similarily, temperature is
determined from the following equation.

Tlx+Ax = f(s,p)

Initial and Boundary Conditions:

Since this is a transient problem, at least one initial condition must be specified.
The initial temperature and pressure in the box are 70 °F and 14.7 psia,

respectively. The cargo bay pressure, P2(x), is the only boundary condition

r_luired for this analysis and is tabulated in Section I C.

Solution Procedure:

Finite-Volume Formulation (FLAP)

The governing equations (Eqns. 1 through 6) axe
numencal method. The solution steps are as follows:

solved using an iterative

1. Initially (at x = O) set

P1 = 14.7 psia

T1 = 530 °R
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2. Calculateresidentmassof box at '_ = 0;

m = PIVI

RT I

3. Move to a new time;

Z ='_ + A'I:

° Obtain P2(x), from cargo bay pressure history. The pressure is linearly
interpolatedfrom thegiven table.

5. Begin the iteration loop for the current time.

6. Calculate resident mass, rax+a,t, from mass conservation equation (Eqn. 1).

o

8.

9.

10.

Calculate internal energy from energy conservation equation (Eqn. 6).

Calculate temperature in the box from equation (8).

Calculate pressure in the box from the equation of state (Eqn. 7).

Calculate the difference in the resident mass and internal energy, between
successive iterations.

11.

12.

If the percent difference is larger than a pre-specified small number
(convergence criterion for this problem is set to 1.0 E-05), then the iteration
loop (steps 6 to 10) are repeated until the convergence criterion is satisfied.

After the convergence criteria is satisfied, proceed to the next time and
repeat steps 4 to 11, until the end time is reached.

Since the mass flow equation is non-linear, it is necessary to introduce under-

relaxation in the solution procedure. In the present scheme, the internal energy is
under-relaxed, according to the relation

u -"(I-OOUold+ O_Unew

For a given iteration, a weighted average of the new and old values is used. A low

value of the under-relaxation parameter, 0t, implies larger damping of the solution.

The iterative solution procedure is incorporated into a FORTRAN code, listed at the
end of this section. The code runs (interactively) on an IBM PC. A flow diagram
for the code is shown in Figure 2. This code is an adaptation of the FLAP code that
was developed to analyze pressurization and depressurization, during the propellant
burn of the Solid Rocket Motor (see Reference 1).
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CALCULATE MASS,
INTERNAL ENERGY FROM

CONSERVATION EQUATIONS

CALCULATE TEMPERATURE
FROM INTERNAL ENERGY

AND PRESSURE FROM
EQUATION OF STATE

SUBROUTINE FLOW

CALCULATES FLOW
THROUGH ORIRCE

NO CRITERION FOR
AND

YES

NO END OF TIME
PERIOD IS
REACHED?

Figure 2. Flow Diagram for Venting Calculation
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Finite-Difference Formulation (SINDA')

Isentronic Formulation:

The governing equations are solved using a linearized differencing scheme,
incorporated into the computer code, SINDA. The solution steps are as follows:

1. Initially (at x - 0) set

Pl = 14.7 psia

T1 = 530 °R

2. Calculate resident mass of box at 'r = 0;

m = p * volume

3. Move to a new time;

4. Obtain P2('r), from cargo bay pressure history. The pressure is linearly

interpolated from the given table.

5. Calculate flowrate of mass leaving the control volume.

6. Calculate the mass remaining in the volume.

7. Calculate the new density in the volume.

8. Calculate pressure in the box, given density and entropy.

9. Calculate temperature in the box, given density and entropy.

10. Repeat steps 3 to 9 unul end time is reached.

Isothermal Formulation:

The governing equations are solved using a linearized differencing scheme,
incorporated into the computer code, SINDA. The solution steps are as follows:

1. Initially (at x = 0) set

P1 - 14.7 psia

TI -- 530 °R

2. Calculate the capacitance associated with the contents of the control volume;

C = __Y..V
RT
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D ®

3. Move to a new time;

_=_+

. Obtain P2(x) from cargo bay pressure history. The pressure is linearly

interpolated from the given table.

5. Calculate flowrate of mass leaving the control volume.

6. Solve the linearized differential equation for pressure.

7. Repeat steps 3 to 6 until end time is reached.

Presentation and Discussion of Results:

Fillj_¢-VQlum_ Procedtl_ (FLAP_:

N_mCrical P_rarneters

The accuracy of the numerical solution depends upon the time step and the
convergence criterion. Parametric studies were performed to determine the
optimum time step and convergence criterion. The optimum time step was found to
be 1 millisecond. The criterion used to determine the time step was the maximum

pressure difference, observed during the period of ascent. Any further reduction in
the time step did not significantly affect the calculated pressure difference. The
same procedure was followed to determine the optimum convergence criterion. The
optimum convergence criterion was found to be 1.0 E-05, for the present problem.

It should be mentioned that there are two fundamental methods of solving transient

thermal and flow problems. The first method, caUed the explicit method, uses
values from the previous time step to determine the variables at the current time

step. Alternatively, an implicit method is one in which the variables are determined
from values at the current time step. Since the governing equations are coupled, an

iterative procedure is required to simultaneously satisfy them. In general, the
explicit method requires much smaller time steps than an implicit method. The
present solution scheme uses an implicit method.

The predicted pressure distribution, inside and outside the box, is depicted in
Figure 3. The pressure inside the box does not decrease as rapidly as does the
pressure in the cargo bay. Therefore, a pressure differential exists during the
period of ascent. The predicted pressure drop, across the vent, is shown in Figure
4. In both figures, comparisons are made for three cases; these include isentropic,
isothermal, and for wall-to-fluid heat transfer. The isothermal formulation gives the

largest predicted pressure differential whereas the isentropic formulation gives the
lowest pressure differential. The case in which a finite heat loss was considered led
to an intermediate value (i.e., between two extremes). The mass flowrate from the
box is shown in Figure 5. The predicted change in temperature, for fluid within the
box, is shown in Figure 6. The temperature remains constant during the isothermal

process. For the isentropic process, the temperature reduces rapidly, due to
expansion. In the case of heat transfer from the wall, the fluid temperature does not
reduce to the extent observed in the case of isentropic expansion.

5-6-8



Figure3.
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Parametric Studies

Parametric studies were performed to investigate the effect of vent hole diameter
and box volume on the maximum pressure difference. The effect of vent hole

diameter on the maximum pressure difference is shown in Figure 7. The pressure
difference diminishes with the increase of vent hole diameter. The effect of box

volume is illustrated in Figure 8. For a given vent hole diameter size, the pressure
difference increases with the volume.

10

Figure 7.
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FLAP OUTPUT

FINITE-VOLUME FORMULATION

TWALL = 5.300E+O2 DEG R
HC = 5.000E-02 BTU/HR-FT**2-F
AREA = 1.000E+02 IN**2
VOLUME = 5.0OOE+02 IN**3
DIA = 5.00OE-02 IN

TIME STEP = 1.000E-03 SEC

TAU P1 P2 DELP T1 EMIX)T EM1 MACH ITER

1.000E+00 1.468E+01 1.467E+01 6.903E-03 5.298E+02 2.985E-05 2.170E-02 2.592E-02 2

2.0OOE+O0 1.465E+01 1.464E+01 7.522E-03 5.295E+O2 3.114E-05 2.167E-02 2.709E-02 2
3.0OOE+O0 1.462E+O1 1.461E+O1 7.54OE-03 5.291E+02 3.116E-05 2.164E-02 2.715E-02 2

4.O00E+O0 1.459E+O1 1.458E+01 7.560E-03 5.288E4)2 3.118E-05 2.160E-02 2.721E-02 2

5.000E-14)0 1.456E+01 1.455E+01 7.579E-03 5.285E-aT2 3.119E-05 2.157E-02 2.728E-02 2

6.000E+O0 1.453E+01 1.452E+01 7.597E-03 5.292E+02 3.120E-05 2.154E-02 2.734E-02 2

7.000E+00 1.450E+01 1.449E+01 7.619E-03 5.279E+02 3.123E-05 2.151E-02 2.740E-02 2

8.000E+00 1A,47E+01 1.4.46E+01 7.659E-03 5.276E+02 3.129E-05 2.148E-02 2.750E-02 2

9.000E+O0 1.,_,,tE+O1 1.443E+01 7.739E-03 5.273E+02 3.143E-05 2.145E-02 2.768E-02 2

1.O00E+01 1A.41E+O1 1.440E+01 7.882E-03 5.270E+02 3.169E-05 2.141E-02 2.796E-02 2
1.100E+01 1.434E+01 1.428E+O1 6.300E-02 5.263E+02 8.927E-05 2.135E-02 7.933E-02 2

1.200E+-01 1.425E+01 1.416E+O1 9.019E-02 5.253E+02 1.064E-0,4 2.125E-02 9.528E-02 2

1.300E+OI 1.415E+O1 1.404E+01 1.061E-O1 5.242E+02 1.151E-04 2.113E-02 1.O38E-01 2

1.400E+01 1.404E+01 1.392E+01 1.162E-01 5.231E+02 1.200E-O4 2.102E-02 1.090E-01 2
1.500E+O1 1.392E+01 1.380E+01 1.229E-01 5.219E+02 1.231E-04 2.090E-02 1.126E-01 2

1.6OOE+-01 1.381E+01 1.368E+01 1.277E-01 5.206E+02 1.251E-04 2.077E-02 1.153E-01 2

1.700E+O1 1.369E+01 1.356E+01 1.313E-01 5.194E-I.O2 1.264E-04 2.065E-02 1.174E-01 2

1.800E+O1 1.357E+01 1.344E+01 1.343E-01 5.181E+02 1.274E-IM 2.052E-02 1.193E-01 2
1.9OOE+O1 1.346E+01 1.332E+01 1.365E-01 5.169E+02 1.280E-04 2.039E-02 1.208E-01 2

2.000E+O1 1.334E+O1 1.320E+01 1.389E-01 5.156E+02 1.287E-(M 2.026E-02 1.224E-01 2

2.100E+-01 1.321E+01 1.301E+OI 1.989E-01 5.142E+0"2 1.531E.-(M. 2.012E-02 1.474E-01 2

2.200E+01 1.306E+01 1.282E+O1 2.420E-01 5.126E.,,4)2 1.679E-04 1.996E-02 1.637E-01 2

2.300E+01 1.290E+01 1.263E+01 2.746E-01 5.108E+02 1.778E-04 1.979E-02 1.756E-01 2

2.40OE+01 1.274E+01 1.24AE+O1 3.002E-01 5.090E+O2 1.848E-04 1.96OE-02 l.g49E-Ol 2
2.500E+01 1.257E+01 1.225E+01 3.211E-01 5.071E+02 1.900E-0,t 1.942E-02 1.926E-01 2

2.600E+01 1.240E+01 1.206E+01 3.387E-01 5.051E+02 1.940E-(M 1.922E-02 1.993E-01 2

2.700E+01 1.222E+01 1.187E+.01 3.539E-01 5.03lE+02 1.971E-(B 1.903E-02 2.053E-01 2

2.800E+01 1.205E+01 1.168E+01 3.674E-01 5.011E+02 1.996E-IM 1.883E-02 2.108E-01 2

2.900E-,-01 1.187E+O1 1.149E+01 3.798E-01 4.990E+02 2.017E-04 1.863E-02 2.160E-01 2

3.000E+O1 1.169E+01 1.130E+01 3.913E-01 4.969E+02 2.035E-IM 1.843E-02 2.211E-01 2

3.099E+01 1.151E+'01 1.107E+O1 4.382E-01 4.948E+02 2.135E-(M 1.822E-02 2.361E-01 2

3.199E+01 1.132E+01 1.0g4E-I-O1 4.784E-01 4.925E+02 2.213E-04 1.800E-02 2.491E-01 2

3.299E+01 1.113E+01 1.061E+OI 5.137E-01 4.901E+02 2.273E-(M 1.778E-02 2.608E-01 2

3.399E+01 1.093E+01 1.038E+01 5.453E-01 4.877E+02 2.322E-04 1.755E-02 2.714E-01 2

3.499E+01 1.073E+01 1.015E+O1 5.743E-01 4.852E+02 2.362E-04 1.731E-02 2.815E-01 2

3.599E+01 1.0521:.+01 9.922E+O0 6.013E-01 4.827E+02 2.396E-04 1.707E-02 2.911E-01 2
3.699E+01 1.032E+01 9.692E+00 6.270E-01 4.801E+02 2.424E-04 1.683E-02 3.006E-01 2

3.799E+01 1.011E+O1 9.462E+00 6.517E-01 4.775E+02 2.448E-04 1.659E-02 3.099E-01 2

3.899E+01 9.908E+00 9.232E+O0 6.759E-01 4.748E+02 2.469E-04 1.63.4E-02 3.193E-01 2

3.999E+01 9.702E+00 9.002E+O0 6.998E-01 4.721E+O2 2.488E-04 1.610E-02 3.288E-01 2

4.099E+01 9.496E+00 8.777E+00 7.190E-01 4.693E+02 2.497E-IM 1.585E-02 3.373E-01 2

4.199E+01 9.291E+00 8.553E+00 7.388E-01 4.666E+02 2.505E-04 1.560E-02 3.461E-01 2

4.299E+01 9.087E+00 8.328E+00 7.595E-01 4.638E+02 2.514E-04 1.535E-02 3.553E-01 2

4.399E+01 8.Sg4E-,,-O0 8.103E+O0 7.808E-01 4.609E+O2 2.521E-04 1.509E-02 3.6,49E-01 2

4.499E-,,-01 8.681E+00 7.878E+00 8.031E-01 4.581E+02 2.529E-04 1.484E-02 3.750E-01 2
4.599E+01 8.479E..14)0 7.653E.+.00 8.262E-01 4.552E+O2 2.535E-04 1.459E-02 3.855E-01 2

4.699E+01 8.278E+00 7.428E+O0 8.503E-01 4.523E+02 2.541E-04 1.434E-02 3.965E-01 2

4.799E+01 8.079E+00 7.203E+00 8.755E-01 4.494E+02 2.547E-04 1.408E-02 4.081E-01 2

4.898E+01 7.880E+00 6.978E+O0 9.019E-01 4.464E+02 2.552E-04 1.383E-02 4.203E-01 2

4.998E+01 7.683E+00 6.754E+00 9.294E-01 4.434E+02 2.557E-04 1.357E-02 4.332E-01 2

5.098E+O1 7.486E+00 6.519E+OO 9.676E-01 4.404E+02 2.571E-04 1.331E-02 4.491E-01 2
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TAU PI P2 DELP TI EMDOT EMI MACH ITER

5.198E+01 7.291E+00 6.284E+00 1.007E+00 4.373E+02 2.582E-04 1306E-02 4.657E-01 2

5.298E+.01 7.096E+.00 6.049E-,,.O0 1.047E+O0 4.342E+O2 2.591E-(M. 1.280E-02 4.829E-01 2

5.398E+01 6.902E+00 5.814E-,,-00 1.087E.+.00 4.311E+02 2.598E-04 1.254E-02 5.010E-OI 2

5.498E+O1 6.709E+00 5.579E+00 1.130E+O0 4.279E+O2 2.602E-04 1.228E-02 5.20OE-01 2

5.598E+01 6.518E-t.00 5.34.4E+00 1.173E+00 4.248E-,-02 2.603E-04 1.202E-02 5.401E-01 2
5.698E+01 6.328E-+.00 5.110E.,,-O0 1.219E+00 4.216E+.02 2.602E-04 1.176E-02 5.614E-01 2

5.798E+01 6.141E+O0 4.875E+O0 1.266E+.00 4.183E+O2 2.599E-04 1.150E-02 5.840E-01 2

5.898E+01 5.956E+O0 4.640E+.00 1.316E+O0 4.151E+02 2.593E-IM 1.124E-02 6.080E-01 2
5.998E+01 5.772E+00 4.405E-+.00 1.367E+O0 4.118E+02 2.583E-04 1.098E-02 6.337E-01 2

6.098E+01 5.593E+00 4.244E+00 1.350E+00 4.085E+O2 2.528E-O,1 1.072E-O2 6.408E-01 2

6.198E+01 5.420E+O0 4.084E+00 1.336E+00 4.053E+02 2.477E-IM 1.0,17E-02 6.491E-01 2
6.298E+01 5.252E+00 3.924E+00 1.328E+00 4.022E+02 2.429E-04 1.023E-02 6.591E-01 2

6.398E+01 5.089E+00 3.764E+00 1.325E+O0 3.99OE+02 2.384E-04 9.988E-03 6.708E-01 2

6.498E+01 4.930E+O0 3.604E+00 1.326E+00 3.96OE+02 2.342E-04 9.751E-03 6.g43E-01 2

6.598E+01 4.776E+00 3.4,4.4E+O0 1.332E+00 3.930E+O2 2.301E-04 9.519E-03 6.998E-01 2

6.697E+01 4.626E+00 3.284E+O0 1.342E+00 3.900E+O2 2.263E-IM 9.291E-O3 7.171E-01 2
6.797E+01 4.480E+00 3.124E+O0 1.356E-,,.00 3.870E+02 2.225E-IM 9.067E-03 7.366E-01 2

6.897E+O1 4.338E+00 2.964E+00 1.374E+O0 3.841E+O2 2.188E-O4 8.846E-03 7.582E-01 2

6.997E+O1 4.201E+00 2.80,IE+00 1.396E+O0 3.813E+O2 2.150E-04 8.629E-03 7.822E-01 2
7.097E+01 4.067E+00 2.674E+O0 1.393E+00 3.784E+02 2.103E-04 8.416E-03 7.979E-01 2
7.197E+01 3.937E+00 2.544E+00 1.394E+O0 3.757E+02 2.058E-04 8.208E-03 8.154E-01 2
7.297E+01 3.812E+00 2.414E+00 1.399E+00 3.730E+02 2.013E-04 8.005E-03 8.352E-01 2
7.397E+O1 3.691E+00 2.284E+00 1.407E+00 3.704E+02 1.969E-04 7.806E-03 8.574E-01 2
7.497E+01 3.574E+O0 2.154E+OO 1.420E+O0 3.678E+02 1.925E-04 7.611E-03 8.824E-01 2
7.597E-,-01 3.461E+00 2.02,4E+O0 1.437E+OO 3.653E+02 1.880E-04 7.421E-03 9.102E-01 2
7.697E+01 3.352E+00 1.894E+00 1.458E+00 3.629E+02 1.834E-04 7.235E-03 9.412E-01 2
7.797E.,,.01 3.247E+00 1.764E+00 1.483E+00 3.605E+O2 1.787E-04 7.054E-03 9.758E-01 2

7.897E+O1 3.146E+00 1.634E+00 1.512E+O0 3.583E+02 1.738E-IM 6.878E-O3 1.014E-14)0 2

7.997E+O1 3.049E+00 1.504E-,-00 1.545E+00 3.561E+02 1.685E-O4 6.707E-03 1.058E+00 2

8.097E+O1 2.956E+O0 1.403E-,-00 1.553E+00 3.54OE+02 1.633E-O4 6.541E-03 1.089E+00 2
8.197E+01 2.868E+00 1.303E+O0 1.564E+00 3.520E+02 1.579E-(kt 6.380E-03 1.124E+00 2
8.297E+01 2.783E+O0 1.203E+O0 1.58OE+00 3.502E-*4Y2 1.524E-04 6.225E-03 1.163E+00 2

8.397E.,,-01 2.703E+00 1.103E+OO 1.599E+00 3.484E+02 1.466E-O4 6.075E-03 1.208E+00 2

8.496E.,,-01 2.627E+00 1.004E+_30 1.623E+00 3.468E+02 1.,t05E-04 5.932E-03 1.258E+00 2

8.596E+O1 2.555E+O0 9.036E-01 1.651E+O0 3.453E+O2 1.34OE-04 5.795E-03 1.315E+00 2

8.696E+01 2.488E+00 8.036E-01 1.684E+00 3.440E+02 1.270E-04 5.664E-03 1.380E+00 2

8.796E+01 2.426E+00 7.037E-01 1.722E+00 3.428E+O2 1.193E-(kl 5.541E-03 1.456E+O0 2

8.896E+.01 2.369E+O0 6.037E-01 1.765E+O0 3.419E+02 1.108E-O4 5.426E-03 1.546E.,,-00 2
8.996E+O1 2.317E+00 5.038E-01 1.813E+O0 3.412E+02 1.013E-04 5.320E-03 1.653E-,,-00 2
9.0%E+01 2.270E+00 4.760E-01 1.794E+00 3._d)6E+02 9.769E-05 5.220E-03 1.677E+00 2
9.196E+01 2.226E+00 4.510E-01 1.775E+00 3.402E+O2 9.433E-05 5.124E-03 1.700E+00 2

9.296E+01 2.183E+O0 4.260E-01 1.757E+00 3398E-+-02 9.095E-05 5.032E-03 1.72.5E+,00 2

9.396E+01 2.142E-I-00 4.010E-01 1.741E+00 3395E+02 8.753E-05 4.942E-03 1.752E+00 2

9.496E+01 2.104E+00 3.76OE-01 1.728E+00 3.393E+02 8.408E-05 4.856E-03 1.783E+O0 2

9.596E+01 2.068E+00 3.510E-01 1.717E+00 3392E+02 8.057E-05 4.774E-O3 1.816E+00 2

9.696E+01 2.034E+O0 3.26OE-01 1.708E-_00 3.393E+O2 7.700E-O5 4.695E-O3 1.854E+00 2

9.796E+01 2.002E+O0 3.011E-O1 1.701E+OO 3.394E+O2 7.334E-05 4.62OE-03 1.895E+O0 2
9.896E+O1 1.972E+O0 2.761E-O1 1.696E+O0 3.396E+02 6.959E-05 4.549E-03 1.941E+00 2

9.996E+.01 1.945E+00 2.511E-01 1.694E+00 3.399E+02 6.571E-05 4.481E-03 1.994E+00 2

SUMMARY RESULTS

FREE VOLUME(IN**3) = 500.00

HOLE SIZE(IN) = .05

MAXIMUM PRESSURE DIFFERENCE(I_D = 1.8154

TIME OF OCCURENCT_SEC) = 90.0002
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FLAP FORTRAN CODE LISTING

C t s 8 _ni. alo S 8 00nll i 8 a a OOII m 0 BO t 8 t a:nln _nloeO milllo S S S IS • m Ilu m seal lil• nun_S B_ SltO a _ SiS _ S S S t 0 e

FLAP IS A CO_ PROGRAM TO ANALYSE DEPRESSURIT.ATION OF AN
ELECTRONIC BOX IN THE SPACELAB. DURING THE ASCENT OFTHE SPACE
SHUTTLE. PRESSURE IN THE SPA_ REDUCES AT A RAPID PATE. THE
EI.2.C'IRONICBOXES ARE PROVIDED WITH HOLES TO EQUALIZE PRESSURE
BETWEEN INSIDE AND (X3TSIDEOFTHE BOX TO AVOID STRI.L-WURALDEK)gMATION
OF THE BOX. THE ORBITER PAYLOAD BAY PRESSURE HISTORY IS PROVIDED IN
THE FOLLOWING TABLE

C
c
C
C
c
C
C
C
C
c

C
C
C

C
C
C
c
c
C
C
C
c

TIME(SEC) PRESSLmE(PSIA)

0 14.70
10 14.40
20 13.20
30 11.30
40 9.00
50 6.75
60 4.40
70 2.80
80 1.50
90 0.5O
100 0.25

C FLAP INCLUDES THREE DIFFERENT FORMULATIONS
C
C OPTION - I FINITE VOLUME FK)RMULATION
C OPTION - 2 ISENTROPIC FORMULATION
C OWI'ION - 3 ISOTHERMAL PORMULATION
CmSSmalls ssllmms88ooom 4tsstsIDtt mt_to_sDmms_les sa smssew ss_seselm msmmsQet Is

C
C VARIABLES
C
C Pl
C P2
C TI
C UI
C EMI
C EMP
C EMDOT
C VI
C DOR
C AREAl
C TWAL,L
C CD
C CV
C R
C CC
C NITER
C RELAXM
C RELAXP

- PRESSURE INSIDE THE BOX.PSIA
- PRESSURE IN THE CARGO BAY,PSIA
- TEMPERATURE INSIDE THE BOX.R
. INFERNAL ENERGY OF AIR IN THE BOX.BTU/LBM
- MASS OF AIR IN THE BOX AT CURRENT TIME STEPI.BM
- MASS OF AIR IN THE BOX AT PREVIOUS TIMESTEP2.BM
- MASS FLOWRATE OF AIR.LBM/SEC
- VOLUME OF THE BOX.IN**3
- VENT HOLE DIAMETER.IN
- SURFACE AREA,IN**2
- WALL TEMPERATURF-_
- DISCHARGE COEFFICIE_
- CONSTANT VOLUME SPECIFIC HEAT(BTU/LBM - R)
- GAS CONSTANT/.BF-FT/LBM-R
- CONVERGENCE CRrTERION
- MAXIMUM NUMBER OF ITERATIONS
- UNDER-RELAXATION PARAMETER FOR MASS
- UNDER-RELAXATION PARAMETE3 FOR PRESSURE

C RELAXU - UNDER-RELAXATION PARAMETER FOR INTERNAL ENERGY

DIMENSION TIME(20),PORBIT(20),DPODT(20)
LOGICAL CHOCKED
INTEGER OPTION
CHARACTER*3 ANS

C
C
C

CHAFIER 1 INPUT DATA

DATA PAI/3.14159/
DATA T IINTT,T2INTr.P lINrr/70.,70., 14.7/
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DATA CP,CV.CD,R,G RAVC/0.24,0.17,1.,53.2,32.2/

DATA NZONE/11/

DATA NrrER.CC/50,1 .E-O6/

DATA RELAXM,RELAXP,REI..AXUf3* I,/
DATA GAMA/I.4/

DATA HC_)J

DATA (TIMECI),I= l, l i )/0., I0.,20.,30.,40.,50.,60.,70.,80.,90., I00./

DATA (PORBIT(1),I= I, I I)/14.7,14.4,13.2,11.3,9.,6.75,4.4,2.8,1.5,
& 0_,0.25/

OPEN(UN_=70,FILE='VEN'TC.OUT,STATUS=lJNKNOWN _)
PRINT ",'INPUT OPTION FOR FORMULATION`
PRINT *,'1 - FINITE VOLUME FORMULATION'

PRINT *,'2 - ISENTROPIC FORMULATION'

PRINT ",3 - ISOTHERMAL FORMULATION

REAIXS,') OFTION

PRINT *,'INPUT OFTION FOR MD(Yr FORMULATION"

PRINT *,'I - FLAP MDOT FORMULATIObr
PRINT ",'2 - SINDA MDOT FORMULATION"
READ(5,*)

PRINT *,'INPUT FREE VOLUME OFTHE BOX IN CUBIC INCH''

REAIX5, °) VIIN

IT(OPTION.F.Q. I) THEN
PRINT *,_R_OW IS ADIABATIC? CYOR N)'

REAIX5, I 0) ANS

I0 FORMAT(AI )

IF(ANS.EQ:Y3 GO TO 15

PRINT *3NPUT HEAT TRANSFER COEFFICIENT(BTU/HR-Fr**2-1B'
READ(5.*) HC

PRINT *,'INPUT WALL TEMPERATURE'

RE.AD(5,*) TWALL

PRINT *,'INPUT SURFACE AREA OFTHE BOX IN SQUARE INCHF..S'

REAIX5,*) ARE,AIN
ENDIF

15 PRINT *,_lPLrr HOLE SIZE IN INCH'

READ(5.') DOR
PRINT *,'INPUT PRINT INTERVAL'

READ(5,*) NPSTEP

V l=VlIN/1728.

AREAI=AREAINII44.

AOR=PAI* DOR*DOR/(4. =144.)
C

C CHAPTER2 INH'IALCONDrrIoN

C

TAU=0.

PI=PIINIT

TI=TIINIT+J.60.

UI=CV*TI
T2=T2INIT+460.

u_*'r2

PRINT *,'INPUT TIME STEP,DTAU(SEC)'

REAl)(5,*)DTAU

PRINT *,"INPUT FINAL TIMEtTAUF)'
READ(5.*) TAUF

EMI=PI* 144.*V I/(R*TI)

SVI=VI/EMI
PIP=PI

UIP=UI

TIP=TI

SVIP=SVI
C PRINT INPLrr VARIAB[.2.S

WRITE(70,20) V 11N,DOR,DTAU

20 FORMAT(2X, WOLUME = ',IPE12.3/IN**3',/,
& 2X,'DIA = ',IPEIZ3J.'IN',

& 2X,TIME STEP = ',IPE12.3,'SEC'J/)
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IF(Om'ION/=Q.l)WRrrF/70.25)
IF(OPTION.EQ.2)WRrrE(70.2S)
IF(OVrION.EQ.3) WR/_(7029)

25 FORMAT(2X,_INrrE VOLUME FORMULATIONV[

28 FORMAT(2X,ISENTROPIC PORMULATION'J/)
29 IK)RMAT(2X.'ISfYrHERMAL IKgRMULATIOWJ/)

IF(OPTION.EQ. I .AND. ANS ME.'Y')WRITE(70,2.50)TWAI_HC,AREAIN

250 FORMAT(2X,q'WALL = '.IPEI2.3.'DEG R'J.
& 2X,'HC =',lPE12.3,' BTU/HR-FT'*2-FJ,

& 2X,'AREA = ',lPE12.3,' IN**2' d/)

C CONVERT UN1TS OF HEAT TRANSFER COEFFICIENT

HC=HC/3600.

C

C

C

CHAFrER 3 TIME MARCHING

WRrrE(70,30)
30 FORMAT(SX,TAU',9X,'PI', 10X,'P2',7X,'DELP',9X,TI',

& 5X,'EMDOT',7X.'EM I'.8X.'MACH',4X,TrER')
300 TAU=TAU+DTAU

ISTEP=ISTEP+I

EMP=-EM1

DO 3101 = 2247/)NE

DIK)DTCI)==(PORBrr(I)-PO RBrr CI-I)_'CI'IMF.X'I)-TIMF_.4"I-1)'

IFCrAU.LE.TIMEff).AND.TAU.OT.TrMF.0-_))IZONE=I
310 CONTINUE

P2=PORBIT(IZONE- I )+DPODT(IZONE )* (TAU-TIMF.LIZONE- 1))

C
C ITERATION LOOP IN THE TIME STEP

C

ITER=0

320 ITER=ITER+I

RHOI=PI" 144./(R'T1)

R HO2=P2* 144./(R *T'2)
C CHECK FOR DELP

IF(P 1.GT.P'2) THEN
PU=P1

PD=-P2

RHOU=RHOI

DELP=-PI-P2
FACT= 1.

ELSE
PU=P2

PD=-P1

RHOU=RHO2

DELP=P2-P1

FAC'f=-I.

ENDIF

C
C

C

C

C

C

CALL'%R.ATE FLOWRATE

CALL FLOW(DOR, CD, P 1,PLT1,GAMA, R,RHOU,EMIX)T,MDOTOPT)

CHAPTER 3 MASS CONSERVATION

EM IOLD=EM 1
EM 1=EMP-EMDOT* DTAU*FACT

EM 1=(1.-RELAXM)*EM 1OLD+REL,AXM *EM 1

SVI=V1/EM1

FACT1 =(PU/PD)*'((GAMA-1 .)/GAMA)-I.

FACT2---(2J(GAMA- I.))

EMACH=SQRT(FACr2*FACT1)
DELM = ABS(F.,M 10LD-EM 1)/FaM 1

CHA.FIER 4 ENERGY CONSERVATION

5-6-16



IF(OPTION.EQ. 1) GO TO 40
IF(OFI]ON.EQ.2) GO TO 45
IF(OFrlON.EQ3) GO TO 48

C _ FORMULATION
40 ATR=EMP

ACONI=F_MDO_DTAU

AP=EMI

H1P=U1 P+P1 P* 1,M.*SV I P/'77g.
U1OI..£_U1

U I =(ATR*UI P-ACONI *H IP+HC*AREAI *(TWALL-TI)*DTAU)/AP

U I =(I.-RELAXU)*UIOLD+RELAXU*U I
TI=UIK_V

DELUI=ABS(U IOLD-U I)/U I

PI=EMI* R*TI/(V I* 144.)
ERROR=AMAXI(DF.LM.DELU I)
GOTO 50

C ISENTROPIC FORMULATION

45 PIOLI_-PI

PI--EM I*R*TI/(V l* 144.)

TIOU)=TI

TI =TIP* (PI/PI P)**((GAMA-I.)/GAMA)

DIFI_-ABS(PI OLD. PI)/PI OLD

DIFT=ABS (TI OLD-TI )/TI OLD
ERROR=AMAX I (DIFP, DIFr)
GOTO 50

C ISOTHERMAL FORMULATION

C

48

C

5O

PIOLD=-PI

PI--EM I*R*TI/(V I*144.)
T1 =TIP

DIF_-ABS(PIOLD-PI)/PI OLD

ERROR=AMAX I (DEI.M,D[FP)

CONTINUE

IF(TrER.GT_ITER) GO TO 600

IFOTER.LT.2.OR.ERROR.GE.CC) GO TO 320

CHAPTER 6 DECIDE

6OOCONTINUE

IF(ITER.GT.N1TER) WR1TF__70,625) NITER,DELM,DELUI

625 FORMAT(5X,'**** W A R N I N G ****',L
& 5X,'SOLUTION DID NOT CONVERGE IN 'j4,' ITERATIONS'J,

& 5X,'DELM= ',IPE12.3,5X,'DELUI= ',IPEI2.3)

PIP=P1

UIP=UI
TIP=-TI

SVIP---SVI
EMP=EMI

IF(MO D(ISTEPJ_PSTEP).EQ.0)

& WRITE('70,650) TAU,PI,P2,DELP,TI,EMDOT,EM I,EMACH,r[W.R

650 FORMAT(1PSE11.3J4)
C DETERMINE DPMAX

IF(DELP.GTDPMAX) THEN
DPMAX=DELP
TAUMAX=TAU

ENDIF

IF(TAU.LT.TAUF) GO TO 300

WRITEC/0,670) V IIN,DOR,DPMAX,TAUMAX
670 FORMAT(15X,'SUMMARY RESULTS'J,

& 15X,' 'J,

& 5X,'FREE VOLUME(IN**3) --',FS.2d,
& 5X.'HOLE SIZE(IN') =',FS.2J,
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C
c
C
C
C
C
C
C
C
C
C
C
C
C
C

& 5X,'MAX]MUM PRESSURE DIFFERENCE(PSI)= ',FS.4J.
& 5X, TIME OF OCCURENCF_SEC) = ',1=8.4./,)
STOP
END
SUBROUTINE FLDW(D2,CD,P1,P2,TI,GAMA, RGAS,RHOU,EMDOT,MDOTOPT)

THIS SUBROUTINE CALCUALTES FlOW RATE THROUGH ORIFICE AND NOZZLE

VARIABLES

D2 - DIAMErER. IN
CD - DISCHARGE COEFFICIENT
T1 - _ TEMPERATURE, R
P1 - UPSTREAM _I.,ENUM PRESSURE, PSIA
P2 - THROAT OR VENA CONTRACTA PRESSURE, PSIA
RP - PRESSURE RATIO, P2/P1
MIXYIOFT - MIxIr FORMULATION (FLAP OR SINDA) OPTION
EMIX)T - MASS FLOWRATE Ci.,BISEC)
A2 -THROAT AREA. IN*'2
RGAS - GAS CONSTANT FT-LBF/I.,BM*R

REALK
CHARACTER*3,ANS
DATA PAl, GRAV/3.14159,32.174/
A2 = PAI*D2*D2/4.
RP = P2/P1
PU=P1
n:(MDOTOer.EQ. _)THF_.N
FACT1 =CD*A2* PU/SQRT(T 1)
FACr2=2.*GAMA*GRAV/((GAMA-1 .)*RGAS)
FACT3=ABS(RP**(2./GAMA)-RP**((GAMA+ 1)/GAMA))
EMEXDT=FACT1 *(FAC1"2*FACT3 )**0.5
ELSE
BETA=0.0
A2=A2/144.
Y=I .-(0.41 +0.35*BETA**4)*(PU-P'2)/(GAMA*PU)
GCOND=CD*A2*SQRT(2.*32.174"144.*RHOU)

OCO_ND*Y/SQRT(PU-P2)
EMDOT=GCONI_ABS(PU-P2)
ENDIF
RETURN
END
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Finite Difference Procedure (SINDA):

Isentrooic Formulation:

The results of the analysis are given in the figures below

15

Figure 9.
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SINDA ISENTROPIC MODEL LISTING

C

C

BCD 3THERMAL LPCS

BCD 9VENITNG DURING ASCENT, ISENTROPIC
END

BCD 3NODE DATA

I, 0.0, 1.0

2, 0.0, 1.0
-3.0.0, 1.0

-106,14.7,1.0 $ PRES BOUNDARY

-206, 14.7, 1.0 $ PRF_..SAT FIRST CAVITY

C

C FLOW RATE STORAGE LOCATION

C

-1006, 0.0, 1.0
C

C GAS TEMP

C

-2006, 530.0, 1.0
C

C

C

C

C

-3006, 0.0, 1.0

END

BCD 3CONDUCTOR DATA

106, 106, 206, 0.0
C

C FlOW RATE STORAGE IX)CATION
C

END
C

C

C

C

C

BCD 3CONSTANTS DATA

DTIMEL 1.E-6

DTIMEH, 1.E-6

NLOOP,1000

TIMEND,0.0

OUTPUT,10.E..6

ARLXCA,.01

DRLXCA,.01

TIMEO,0.0

DAMPA,0.5

DAMPD,0.5

NDIM,100
ITEST,0

998,0.0

END

BCD 3ARRAY DATA

1 $ RHO

4, 1.0, 5.0, 10.0, 14.7

200.0, 0.01307, 0.06558, 0.1318, 0.1946
300.0, 0.008704, 0.04357, 0.08728, 0.128,10

400.0, 0.006526, 0.03625, 0.06509, 0.09605
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C

C

C

C

C

C

C

C

C
F
F
F
C

500.0, 0.005221, 0.02611, 0.05222, 0.07676
560.0, 0.004662, 0.02331, 0.04662, 0.06851

END

101 $ GAS CONSTANT ARRAY
4, 1.0. 5.0, 10.0, 14.7

300.0, 55.14, 55.14. 55.14, 55.14

400.0. 55.14, 55.14, 55.14, 55.14

500.0,55.14.55.14,55.14,55.14

560.0,55.16,55.16,55.16,55.16

END

203 $ ENTROPY ARRAY

4, 1.0,5.0,10.0,14.7

200.0, 1.579,1,465,1.415,1.387

300.0, 1.680,1.566,1.516,1.489

4O0.0, 1.752,1.637,1.588.1.561

500.0,1.807,1.693,1.643.1.616

560.0,1.835,1.721,1,672,1.644

301 $ RATIO OF

1.0,1.40

5.0,1.40
I0.0.1.40

14.7,1.40
END

SPECIFIC HEATS WITH PRESSURE

501 $ BOUNDARY PRES VS TIME

0.0,14.7
I0.0 14.4

20.0 13.2

30.0 11.3

4O.0 9.0

50.0 6.75

60.0 4.4
70,0 2.8

80.0 1.5

90.0 0.5

100.0,0.25
END

701 $ DENSITY VS PRES AT S=t.631

0.010(w5,1.0
0.03349.5.0

0.0544I,i0.0

0.07240,14.7

END

702 $ DENSITY VS TEMP AT 5=1.631

0.01066,245.0

0.03349,390.0

0.05441,480.0

0.07240.530.0

END

END

BCD 3EXFLXYI3ON

OPEN(3.FILE.="v2c2.plt",STATUS="UNKNOWN")

WRIrI'E(3.2)NNT,(NX(LNODE+I)J= t.NNT)

2 FORMATCI6/,5CI6,3 IX,16,/)j6,31X,I6)
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F
F
F
F
F
C
F
C
F
M
M
M
C
F
C

C
C
C
M
C
M
M
F
M
M
M
M
M
C

TIMEO_.0
DTIMEI---O.001

IYrIMEH=O.001
OUTPUT= 1.0
TIMEND= 100.0

DTIMEU=0.001

VOL=500.0/(I 2.*'3)
CALL D2DEG 1('r206,T2006,A I.RHO)
CALL D2DEG 1(T206,T2006,A 101,RGAS)
XK998=RHO*VOL

CALL SNFRDL

END
BCD 3VARIABLES 1

CALC ORIFICE FLOW CONDUCTORS

CALL DI DEGI (TIMEN,A501.T i06)

PAVG=TR06

CALL D IDEG 1(PAVG.A30 I.GK)
ENTRPY= 1.631

CALL CENTH(ENTRPY,T206.A203,T2006 )
CALL D2DEG I(T206,T2006,A 101,RGAS)

AREA=(3.14159* (0.05/12. )**2)/4.
CALL D2DEG 1(PAVG,T2006,A I,RHO)
CALL IRIFIC(RHO, AREA, RGAS,T2006.T106,TR06,GK, T 1006,G 106)

C CALC_
C
F
C
M
C
M
C
M

M
M
C
F
F
C
F

C
F
F
F
C
C

F
C
F
C

VOL=500.0/(12.**3)

CALL XMDOT(T106,T206,G 106,TI006)

XK998=XK998-T1006*DTIMEU

RHO=XK998/VOL
CALL DI DEGI(RHO,A701,T206)
CALL D I DEG I(RHO,AT02,T2006)

RETURN
END

SUBROUTINE XMIXYr(PUP2DN,GCOND,XM)

XM=GCOND* ABS(PUP-PDN)
RETURN
END

SUB RoLrrINE CENTH(ENTI-LPRESARR.TEMP)

DIMENSION ARR(1)

C TI-HSRoLrrINE INI'ERP(X.ATES K)R TEMPERATURE, BASED UI_N ENTHALPY
C AND PRESSURE
C
F ICOUNT=O
F TGLOW=200.O
F TGHIGH=570.0
F 1 TG=O"GLOW+TGHIGH_.0
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F
F
F
F
F
F
F
F
F10
F
F
C
C
F
C
F
C
F
F
C
F
F
F
F
F
F!
C
F
F
C
F
F
C
F
F
C
F
F
C
F
F2
C
C
C
C

C

C

C

ICOUNT=ICOUNT+ 1
CAI.J., D2DEG I (PRES,TG,ARR(I),EN)
ENCALE=EN-EN'_
IF(ABS(ENCALC).LT.1.F._)C,O TO 10
IF(ICOUNT.GT.]000)GO TO ]0
IF(EN.LT.ENTHyrGI.OW=TG
IF(EN.GE.KNTHyrGH]GH=TG
GOTOI

TEMP=TG
RETURN
END

SUBROUTINE IRIFICtRHO,AREA,RGAS,TEMP, PUP,PDN, GK.XM,GCOND)

IF(PUP.EQ.PDN)GO TO 2

PUP I=PUP
PDNI=PDN

PSI=PUP
PS2=PDN
IF(PUP.GT.PDN)GO TO I
PUPI=PS2
PDN I=PS I
CONTINUE

BETA=0.0
Y= I.-(0.41 +0.35"B ETA**4)*(PUP I -PDN I)/(GK* PUP I )

GMAX= 1.0*AREA*SQRT(I,M.*GK*32.2* RHO)/SQRT(AMAX I(PUP, PDN))
GMAX=Y*GMAX*PUPI/(ABS(PUP-PDN))

GCOND= 1.0*AREA*SQRT(2.*32.2* 144.* RHO)
GCO_ND* Y/SQRT(PUP I -PDNI )

PRATIO=(2.0/(GK-*- 1.0))**(GK/(GK- 1.0))
IF(PDN I/PUP I .LT.PRATIO )GCOND=AMIN I(GMAX,GCOND)

RETURN
GCOND=0.0

END

END

BCD 3VARIABI..ES 2
END

BCD 3OUTPUT CALLS

F DATA HT/4HT /
C
C
C CALC MDOTS
C
M
M
M
C
F
F
C

T3006=T206-T 106
CALL XMDOT(T 106,T206,G 106,T1006)
TI006=T1006* I000.

wRrrE(3,1)TIMEN,(T(I),I= 1,NNT)
1 FORMAT(ElO.31,7FI2.6,/,7F12.6J,TF12.6)
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C

C THREE COLUMN (xYrlR.rTROUTINE STNDRD
C
F J=I.,NODE+NCSGMN

F II=N'X(J)
F IF(J.LE.LNODE)II--O
F J=LNODE-+NDTMI_

F 12=NX(J)
F I]=(J.LE.LNODE)L2=0
F _LNODE+NARLXC

F D=N'X(3)
F IF(J.LE.I..N'ODE)I3--0
F WRITE(6.9)TIMEN,DTIMEU.I 1.CSGMIN.12.DTMPCC,I3.ARLXCC
F 9 FORMAT(/.I1H "*"******/6H TIME=F12.5,8X.SH DTIMEU=lPE12.5,
F $ 8H CSGMIN(I6,2H)=lPE12.Sd,18X,8H TEMPCC(I6,2H)=IPEI2.5,
F $ 8H RELXCC(I6,2H)=IPE1ZS)
C
C THREE COLUMN CXJTIR_ ROLrrINE _
C

F WRITE(6,100)
F 100 FORMAT(IH )
F J=l
F I.,=3

F 5 IF(L.LT.NNT)CK)TOI0
F L=NNT

F I0 WRITE(6.101)ff[T,NX(I+LNODE),T(1),I= J,L)
F I01 FORMAT(3(1X,AI,16,1H=,F12.5.1X))
F IF(L.EQ.NNT)goto15
F J=L+I
F I.,=L+3
F GOTO5
F15 CONTINUE
M Tl(X)6.=TlO06/1000.
C RETURN
C END
C

END
BCD 3END OF:DATA
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Isothermal Formulation:

The results of the analysis are given in the figures below

Figure 13.

15

10

O

ffl

0

" 5

0

Isothermal Expansion

I

!:

0 20 40 60 80 1
Time (sec)

)0

Predicted pressure distribution in the box; Box volume = 500 in3; Vent
hole diameter = 0.05 in; CD = 1.00

Figure 14.

@

1.2

0.8

0.4

0 20 40 60 80 100
Time (sec)

l:h-edicted distribution of pressure difference between the box and the cargo bay;

Box volume = 500 in3; Vent hole diameter = 0.05 in; CD = 1.00
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Figure15.
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Predicted distribution of mass flowrate from the box during the f'u'st 100

seconds after lift-off; Box volume = 500 in3; Vent hole diameter = 0.05 m;
CD-- 1.00

Figure 16.
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510 ..................................................................................................................

5OO
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Time (sec)

Predicted air temperature inside the box during the first 100 seconds

after lift-off; Box volume = 500 in3; Vent hole diameter = 0.05 in;
CD = 1.00
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SINDA ISOTHERMAL MODEL LISTING

BCD 3THERMAL LPCS

BCD 9vENrlNG DURING ASCENT. ISOTHERMAL

END

C
BCD 3NODE DATA

C

1, 0.0. 1.0

2, 0.0. 1.0

-3, 0.0, 1.0

C

-106,14.7,1.0 $ PRES BOUNDARY

C
206, 14.7, 1.0 $ PRES AT FIRST CAVITY

C
C FLOW RATE STORAGE LOCATION

C

-1006, 0.0, 1.0

C

C GAS TE,MP

C

-2006, 530.0, 1.0
C

-3006, 0.0, 1.0
C

END

C
BCD 3C'ONDUCrOR DATA

C

1,1,2,1.0
2"2"3,1.0

C

106, 106, 206, 0.0
C

C FLOW RATE STORAGE LOCATION

C

END

C
BCD 3CONSTANTS DATA

DTIMEL1.E-6

DTIMEH, 1.E-6

NLOOP,1000

C

TIMEND,0.0

OUTPIYL10.E-6

C

ARLXCA..01

DRLXCA,.01

TIMEO.0.0

DAMPA.0.5

DAMPD,05

NDIM.100

rrEST,0

C
END

C
BCD 3ARRAY DATA

C

I $ RHO

4, 1.0, 5.0, I0.0, 14.7

200.0, 0.01307, 0.06558. 0.1318, 0.1946
300.0, 0.008704, 0.04357, 0.08728, 0.12840

400.0, 0.006526, 0.03625, 0.06509, 0.09605
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C

C

C

C
F
F
F
C
F
F
F
F
F
F
C
M
M
M
C
F
C

500.0, 0.005221, 0.02611, 0.05222. 0.07676

560.0. 0.004662, 0.02331, 0.04662, 0.06851
END

101 $ GAS CONSTANT ARRAY

4, 1.0, 5.0. 10.0, 14.7
300.0. 55.14. 55.14. 55.14. 55.14

400.0, 55.14, 55.14, 55.14. 55.14

500.0, 55.14, 55.14, 55.14, 55.14
560.0, 55.16, 55.16, 55.16, 55.16

END

301 $ RATIO OF SPECIFIC HEATS WITH PRESSURE
1.0. 1.40
5.0, 1.40

10.0, 1.40
14.7, 1.40

END

501 $ BOUNDARY PRF..5 V$ TIME

0.0, 14.7

10.0, 14.4

20.0. 13.2

3O.O, 11.3

40.0, 9.0

50.0, 6.75
60.0, 4.4

70.0. 2.8

80.0. 1.5

90.0, 0.5
100.0. 0.25

END

END

BC'D 3EXECUTION

OPEN(3.FILE="v2cl iso.plt".STATUS="UNKNOWN")
WRITE(3,2)NNT.(NX(L.NODE+I)j= I,NNT)

2 FORMAT(I6/,5(I6.31 X,I6,/),I6,31X,I6)

TIMEO=0.0

DTI.MEI=0.01

IYrIMEH--O.01

OUTPUT_- 1.0
TIMF.JqD= 100.0

DTIMEU=0.01

CALL D2DEG I(T206,T2006,AI01,RGAS)

VOL=500.*((1./12.)**3)

C206= 144.*VOL/(RGAS*T2006)

CALL SNFR._

END
BCD 3VARIABLES 1

C
C CALC ORIFICE FLOW CONDUCTORS
C

M CALL D1DEG 1(rIMEN,A501,T106)
C

M CALL D1DEG I(T206,A301,GK)
C

M CALL D2DF__ 1(T206,T2006.A101,RGAS)
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M AREA=(3.14159"(0.05/12.)*'2)/4.
M CALL D2DEG 1CIR06,T2006,A 1,RHO)
M CALL IRIFIC(RHO,AREA, RGAS.T2006,T 106,T20_.GICT 1006.G 106)
C
C CALC MD(YI'S
c
M
C
F
F
C
F
C
F
F
F
C
F
C
F
C
F
F
C
F
F
F
F
F
FI
C

F
F
C
F
F
C
F
F
C
F
F
C
F
F2
C
C
C
C

CALL XMDOT(TI O6.TR06.G 106.T 1006)

END

SUBROUTINE XMDOT(PUP,PDN,GCOND,XM)

XM =_"OND* ABS(PUP- PDN)
RETURN
END

SUBROUTINE IRIFIC(RHO.ARF.A,RGAS.TEMP, PUP, PDN,GK,XM,GCOND )

IF(PUP.EQ.PDN)C_ TO 2

PUPI=PUP
PDNI=PDN

PS 1=PUP
PS2=PDN
IFCPUP.GT.PDN)GO TO 1
PUPI=PS2
PDN 1=PS 1
CONTINUE

BETA=0.0
Y= 1.-(0.4 l+0.35*BETA**4)*(PUP1 -PDN1)/(GK*PUP1)

GMAX= 1.0*AREA* SQRT(144.*GK'32.2" RHO)/SQRT(AM AX 1(PUP, PDN))
GMAX=Y*GMAX*PUP1/(ABS(PUP-PDN))

GCOND= 1.O*AREA*SQRT(2.*32.2* 14.4.*RHO)
GCOND=,C,C'ONI_Y/SQRT(PUP1-PDN1)

PRATIO=(2.0/(GK+I.0))**(GK/(GK-1.0))
IF(PDN1/PUP 1.LT.PRATIO)C, COND=-AMINI(GMAX,GCX)ND)

RE'IaJRN
GCONI>=0.0

REIXlRN
END

END
C

BCD 3VARIABLES 2
C

END
C

BCD 3OLrrPUT CAI.L.S
C
F DATA HT/4HT /
C
C
C CALC MDOTS
C
M CALL XMDOTO'106,T206,G 106,T 1006)
M T1006=TI006" I000.
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C

M T300_T206-T106 "
C

F wRFrF.,(3. I)_IMEN.(Tfl),I=I.NNT)
F I FORMAT(EIO.3/,7FI2.6,1,7FI2.6j,7FI2.6)C

cCTHREE COLUMN _ RO_'INE, STNDRD

F J=LNODE+NCSGMN
F II=NX(J)
F IF(I.LE.LNODE)II_-0
F J=LNODE+NUrMPC
F 12=NXa)
F IF(J.LE.LNODE)12..--0
F ]=LNODE+NARLXC
F 13=NX(J)
F IF(J.LE.LNODE)D=O

F WRITE(6'9)TIMEN,DTIMEU_I I,CSGMIN,12,17rMPCC,13,ARLXCC

F 9 FORMAT(LIIH **********/6HTIME=FI2.5,8X,8HDTIMEU=IPEI2.5,
F $ 8H CSGMIN(I6.2H)=IPEI2.SJ, lgX.SHTEMPCC(I6.2H)=IPE12.5,
F $ 8H RELXCC(I6.2H)=IPE12.5)
C

cCTHREECOLUMNotrrPtrr ROUTINE.TPRNTX

F WR1TE(6,100)
F I00 FORMAT(1H )
F J=l
F L=3

F 5 IF(L.LT.NNT)C,OTO I0
F L=NNT

F I0 WRITE(6,101)(HT,NX(I+LNODELT(I).I= J.L)
F lOI FORMAT(3(IX, AI,16,1H=,FI2.5,1X))
F IF(L.EQ.NNT)goto15
F J=L+I
F L=L+3
F GOTO5
FI5 CONTINUE

M TI006=TIO06/IO00.
c RETURN
C END
C

END

BCD 3END OF DATA

Comparison of Results"

Figure 17 shows the results of a comparison of the predicted pressure differential, obtained using
the two analysis codes (i.e., FLAP and SINDA). Both codes employed the isentzopic formulation.
The overall agreement was good. The observed discrepancies was attributed to the difference in

thermo-physical property data. The flow equation as described in reference 2 was incorporated
into both the FLAP and SINDA models. FLAP used the ideal gas law to calculate the thermo-

dynamic propc, rty; SINDA used property values from the Gas Table. Predicted temperatures,
drUe_gt_e _n_,od of a_ent., a_'_ecomp_ar_.m Figure !8. The tem pe.ratures are consistent with the

,- v .... ,. ,.,.,_-,,.,uuv,, as shown m tne previous figure. Since SINDA predicted a lower
pressure in the box, the predicted temperatures were also lower, as compared to the FLAPpredictions.

The results for the isothermal expansion are compared in Figure 19. The predicted pressure
differentials were higher than those reported for the isentropic expansion Isothermal ventm
showed a larger pressure differential because ener,,-, ....... -_-_ -- -,- .... "- • • ' g

s., ,',,*_ auu_u to me IlUlfl, Ounng me expansion
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process,asa result of heat transfer from the wall. Since the cargo bay pressure remained the
same, in both cases the pressure in the box remained higher and caused a larger pressure
differential. The observed differences between FLAP and SINDA results were due to the
differences noted above.

e_

_n

3

2.5

2

1.5

1

0.5

0

-0.5
-40

Isentropic Expansion

............_...............iiiiiiiiiilTiiii_............i

-20 0 20 40 60 80 100 120

Time (Sec)

Figure 17. Comparison of predicted pressure differential between FLAP and SINDA for
isentropic formulation
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Figure 18. Comparison of predicted temperatures between FLAP and SINDA for isentropic
formulation
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Figure 19.
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Comparison of predicted pressure differential between FLAP and SINDA for
isothermal formulation

Closing Comments:

In this section, two numerical procedures were developed to analyze the venting
problem in a spacecraft. A finite-volume procedure for solving the transient (mass
and energy) conservation equations was incorporated into the FLAP code. A finite-
difference based model was developed using the network analyzer code, SINDA.
The results of both analyses were compared. Reasonable agreement between the
two solutions was noted. It has also been shown that, the isothermal and isentropic
formulations produce the upper and lower bounds of the solution. In the presence
of heat transfer, from the wall to the fluid, the solution was found to be within the
limits of the two extremes. The isothermal formulation can be used to determine the

worst case design conditions. Additionally, the SINDA formulation can be

extended to multiple volumes, venting in series or in parallel.

2.0

3.0
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Introduction to Chaoter

Thermal Protection Systems

During design of the Extemal Tank (ET) and Solid Rocket Booster (SRB), a design code
was required to size thermal protection systems (TPS) required for ascent and reentry
aerodynamic heating. To accomplish this, along with extensive material testing, an
analysis code was developed to use with SINDA, to determine material thickness

requirements to meet structural temperature limits. This code, called ABL, was designed to
utilize aerodynamic heating environments, and through empirical relationships, evaluate
material ablation, along with standard simulation of heat storage and heat transfer. The

example included here shows how to use the ABL code with SINDA, and also gives a
detailed numerical formulation of the analytical techniques used in the code. The
techniques illustrated here were essential during design and are still utilized by the ET and
SRB contractors to evaluate TPS requirements and changes.
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CHAPTER 6: THERMAL PROTECTION SYSTEMS

SECTION 1: Aeroheating Temperature Analysis

ANALYSIS CODE : SINDA (Gaski Version)

I. Identification of the Problem

A. Statement of the Problem

It has been proposed to make the nose cone of the HJ__V from AISI 347 Stainless
Steel. It is necessary to predict the surface temperature of the plate to determine if a
thermal protection system will be required.

B. Schematic

QAERO

TSKY = 50 °F

jr

E AISI 347

0.25inch ._ _

Fig. 1 Cross Section

C, Given

,

2.
3.
4,
5,

6.

The following data is available for this problem:

The material properties are constant
The sky temperature is assumed to be 50 °F
The initial temperature of the material is 80 °F
The material will be 0.25 in. thick

The maximum surface temperature is 600 °F
The aeroheating environment will be presented in the form of equations and arrays.
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II.

a. Equations

For time < 50.0 seconds

Hc -- 0.001 + 0.00198 * time
Hrec = 100.0

For time > 50.0 seconds

Hc = 0.1 - 2.828E-4 * (time - 50.0)
Hrec = 100.0 + 2.0 * (time - 50.0)

where:

He = Film Coefficient, tl
Cp

h = Heat Transfer Coefficient

Cp = Specific Heat (ibm OR)

(ft2*sec)

_ = Recovery Enthalpy (1-_-_)

Hwall = WalJ Enthalpy (l_._t)

Qaero = Aerodynamic Heating rate (Btu]
sec ]

TWAt.L = Wall Temperatttm (°F)

TRr.c = Recovery Temperature (°F)

b. Arrays

The arrays given will be time, film coefficient, and recovery enthalpy for a
particular body point

D, Find

Find the surface temperature for the fin'st 400 seconds of ascent.

Formulation of the Problem

A. Theoretical Basis

For convection

QAERO = A * h *(TREc - TWALL)
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A°

Assume Area(A) = 1.0

Since AH = CpAT, assuming H - 0 @ T = 0

This may be mwri_n as

Q_ro=#HRF.C - Hw._.t.)

and Hwall=CpTsurf

The specific heat of air is given by the following function

Cpm = 9.786E-6Tsurf + 0.2345 + 1.57 + 943.6
Tsurf 2Tsurf

Thus

Hwall = 9.786E'6T2urf + 0.2345Tsurf + 1.57 + 943.6
Tsurf

SINDA Problem Formulation

A one-dimensional finite difference model can be constructed as •

QAERO

100
-99

{II. Computer

0.25

Figure 2. Finite Difference Model

Solution Techniques

v

)
101

SINDA INPUT LISTING

Array Model

BCD 3THERMAL LPCS

BCD 9HLLV NOSE CAP
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C" This is a simple I'D model of a proposed nose cone for the

C _ HLLV. It is composed of AISI 347 Stainless Steel. The

C T aeroheating environment is presented in the form of arrays. *

C" This is the general form in which data may be presented; one

C" array is the film coefficient(HC), one is the time, and a third

C" is the recovery enthalpy(HR) . The initial temperature of the *

C* metal is assumed to be 80 -F and the sky temperature is 50 OF. "

END

C ............... - ......... "" ....... "--" ..... "-" ..................................

BCD 3NODE DATA

Generate two arithmetic nodes on the outside of the plate

GEN 100,2,1,80.0,-1.0

Generate fifteen diffusion nodes on the inside of the plate

GEN 5,15,1,80.0,7.927E-2

Provide a boundary node in the free stream environment

-99,50.0,0.0

END

BCD 3CONDUCTOR DATA

C Generate the conductance between the diffusion nodes with

C temperature varying conductance

SIM 56,14,1,5,1,6,1,A150,720.0

Generate the conductance in the arithmetic nodes with

temperature varying conductance

SIV I005,100,5,A150,1440.0

SIV 19101,19,101,A150,1440.0

Provide the conductance of the boundary node to the surface

-99100,99,10001.1903E-13

BCD 3CONSTANTS DATA

OUTPUT-10.0

TIMEO-0.0

NLOOP-500

CSGFAC=I.0

DRLXCA-0.01

ARLXCA-0.OI

NDIM-1000

TIMEND-400.0

END

$ time of each output

$ starting time

$ allowable loops for convergence

$ reduces time step; always > 1

$ diffusion relaxation

$ arithmetic relaxation

5 size of storage array

$ completion time

BCD 3ARRAY DATA

C Provide storage space for combined arrays

300,SPACE, 62,END

400,SPACE,62,END

C

C '_IME, BODY POINT I00

II00 $ Array number II00

0.0, I0.0, 20.0, 30.0, 40.0

50.0, 60.0, 70.0, 80.0, 90.0

I00.0, II0.0, 120.0, 130.0, 140.0

150.0, 160.0, 170.0, 180.0, 190.0

210.0, 230.0, 250.0, 270.0, 290.0

310.0, 330.0, 350.0, 370.0, 390.0

400.0

END

FILM COEFFICENT BODY POINT I00
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2100 $ Array number 2100

0.001, 0.0208, 0.0406,

0.i00, 0.0917, 0.094344,

0.08586, 0.083032, 0.080204,

0.07172, 0.068892, 0.066064,

0.054752, 0.049096, 0.043440,

0.026472, 0.020816, 0.015160,

0.00102

END

C RECOVERY ENTHALPY BODY POINT I00

3100

I00 0,

i00 0,

200 0,

300 0,

420 0,

620 0,

800 0

END

$ Array number 3100

i00.0 i00.0, I00.0,

120.0 140.0, 160.0,

220.0 240.0, 260.0,

320.0 340.0, 360.0,

460.0 500.0, 540.0,

660.0 700.0, 740.0,

0.0604,

0.091516,

0.077376,

0.063236,

0.037784,

0.009504,

i00.0

180.0

280.0

380.0

580.0

780.0

0.0802

0.088688

0.074548

0.060408

0.032128

0.003848

TEMP vs. CONDUCTIVITY(k) (BTU/sec-ft-F)

150 $ Array number 150

80.0, 2.2792E-03

260.0, 2.536E-03

620.0, 3.5151E-03

1340.0, 3.9645E-03

END

END

BCD 3EXECUTION

C

C Join time array with film coefficient array and recovery enthalpy

C array. This will allow for linear interpolation with respect to

C time of the film coefficient and enthalpy.

C

M CALL JOIN(31,A(IIOO+I],A(21OO+I),A(300÷I)) $Hc ARRAY

M CALL JOIN(31,A(IIO0+I),A(31OO+I),A(400+I)) SHr ARRAY

C

C Transient Solution Technique

F CALL SNFRDL

C SNFRDL is an explicit solution technique to work with ABL

END

BCD 3VARIABLES 1

C Determine the heat input for the given time

C

C TSURF : Surface temperature at given time

C TIME : Given Time

C HWALL : Wall Enthalpy

C HC : Film Coefficient

C HR : Recovery Enthalpy

C QI00 : Heat input at surface

TSURF=TI00+460.0

TIME=TIMEO

HWALL - 0.2345*TSURF+9.786E-6-TSURF_-2+943.6/TSURF-I.57

CALL DIDEGI(TIME, A300, HC) $ Linear interpolation for HC

CALL DIDEGI(TIME,A400, HR) $ Linear interpolation for HR

QI00 = HC*(HR-HWALL)
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SINDA INPUT LISTING
Mathem_! Eqmtion Model

BCD 3THERMAL LPCS

BCD 9HLLV NOSE CAP

C T This is a simple I-D model of a proposed nose cone for the

C* HLLV. It is composed of AISI 347 Stainless Steel. The

C" aeroheating environment is approximated by a film coefficien_(HC)

C* and Recovery Enthalpy(HR( of HC = O.001÷0.00198"time and

C* Hr = i00.0 for time <= 50.0. For time > 50.0;

C" HC = 0.1-2.828e-4*{time-50.0) and Hr = 100+2"(time-50.O) .

C" The initial temperature of the metal is assumed to De 80 °F and

C* the sky temperature is 50 °F.

C

END

C ...... " ............................................... " ...............................

BCD 3NODE DATA

Generate two arithmetic nodes on the outside of the plate

GEN 100,2,1,80.0,-1.0

Generate fifteen diffusion nodes on the inside of the plate

GEN 5,15,1,80.0,7.927E-2

Provide a boundary node in the free stream environment

-99,50.0,0.0

END

BCD 3CONDUCTOR DATA

C Generate the conductance between the diffusion nodes with

C temperature varying conductance

SIM 56,14,1,5,1,6,1,A150,720_0

C

C Generate the conductance in the arithmetic nodes with

C temperature varying conductance

SIV I005,100,5,A150,1440.0

SIV 19101,19,101,A150,1440.0

C

C Provide the conductance Of the boundary node to the surface

-99100,99,100, I.1903E-13

C

END

BCD 3CONSTANTS DATA

OUTPUT-10.O

TIMEO=0.0

NLOOP=500

CSGFAC-I.0

DRLXCA-0.01

ARLXCA-O.01

NDIM=I000

TIMEND-400.O

$ time of each output

$ starting time

$ allowaDle loops for convergence

S reduces time step; always > 1

$ diffusion relaxation

$ arithmetic relaxation

$ size of array storage

$ completion time
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END

BCD 3ARRAY DATA

TEMP vs. CONDUCTIVITY(k) (BTU/sec-ft-F)

150 $ Array number 150

80.0, 2.2792E-03

260.0, 2.536E-03

620.0, 3.5151E-03

1340.0, 3.9645E-03

END

END

BCD 3EXECUTION

C

C Transient Solution Technique

F CALL SNFRDL

C SNFRDL is an explicit solution technique to work with ABL

END

C .............................. .4._.--.----_ ....................... 4 ......................

BCD 3VARIABLES 1

Determine the heat input for the given time

TSURF

TIME

HWALL

HC

HREC

QI00

: Surface temperature at given time

: Given Time

: Wall Enthalpy

: Film Coefficient

Recovery Enthalpy

: Heat input at surface

TSURF- TI00+460.0

TIME - TIMEO

HWALL - 0.2345*TSURF+9.786E-6*TSURFt'2+943.6/TSURF-Io57

IF (TIME.LE.50.0) THEN

HC - 0.001+0.00198*TIME

HREC - iO0.0

ELSE

HC = 0.1-(2,828E-4)-(TIME-50.0)

HREC - IO0,0÷2.0"(TIME-50,O)

END IF

QI00 = HC*(HREC-HWALL)
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IV. RESULTS

The temperature on the outer surface of the stainless steel exceeds 1300 degrees Fahrenheit.
This is more than twice the design criteria and therefore a TPS will be necessary. The two
solution techniques produced similar results as demonstrated below.

HLLV NOSE CONE

AlSl 347

....._................................i...................._.............i............i-.i......!.......i..............;......;......_.......i..........................,

 ooo, i i................i
800.0 ............_................................................"...................

Ix600.0 i......_......i..................._ .............._i'..............................,,i_:---.............................
.....i......i......i;...... - _--!i------_ !........_--Equ,,o_sI

,oo.ot 7 I_-ArraysI
 oo.o:].................. ............i............................................................ '
o.ooo1---:-I----I-.--I.--. I----I

0 100 200 300 400 500

Timo (see)

Fig. 3
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CHAPTER 6. THERMAL PROTECTION SYSTEMS

SECTION 2: Vehicle Thermal Protection System Design Analysis
Methods

ANALYSIS CODE: FORTRAN, SINDA (Gaski Version) with ABL Routine

I. Identification of the Problem

A. Statement of the Problem

The nose cone of a Munch vehicle is to be protected from ascent aeroheating by
SLA-561, an ablative material. An analyst has suggested a thickness of 1/2 inch.
Will this keep the aluminum skin temperature below 300°F? Determine the
aluminum skin temperature rise for time up to 400 seconds using two different
methods:

1. Finite Difference FORTRAN Model.
2. SINDA with ABL Subroutine.

B. Schematic

ql_l'O"

Tslcy = 50 oF

_r

SLA-561

0.700 inch _

Figure 1. Cross Section of Nosecone

C. Given

The following data is available for this problem:

1. The material properties are constant.
2. The sky temperature is 50 °F
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3. Therecoveryenthalpy:
hr=100, (l_-l_l-),for time< 50 seconds

hr='00 + 2.0*(time-50), (i_;II-_),for time > 50 seconds

4. The film coefficient:

-Ja-= 0.001 +0.00198*time ( Ibm } for time < 50 secCp ft2,sec

_.h.. = 0.1-(2.828e-4)*(time-50), /lbm _, for time > 50 sec
Cp _ /ft2,sec

5. The aluminum skin is 0.200 inch thick

6. The initial temperature of the skin and SLA-561 is 80°F
7. The SLA-561 is 0.500 inch thick
8. The SLA-561 material ablation characteristics

II°

D. Find

The aluminum sldn temperature for the first 400 seconds of ascent.

Formulation of the Problem

A. FORTRAN Problem Formulation

A one-dimensional finite difference model can be constructed as:

Ts_= 50°F

I I I I I

I I I I I
I I I I I

I I I

Tsi TI i T2 I T3 i T4 i 'T
I I I I I
I I I I I

-"_ SLA561

.... 02"V.O v _ .

5,_ _- _ &x,a

_ _ Alum--t)"

insulated

Figure 2. Seven Node Thermal Network

The differential equation for node s can be written as:

p,-, _x, dTs = R(Ts__Ts)+A...k_(TI_Ts ) + q",eroA
_P 2 e,--_- Ax

where:

p = density

Ti=tempemture of node i

C,p = specific heat

_x = length increment
A = area
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t= time
k = thermalconductivity
R = O_ F{T2sio,-T2sXT1-T. )

o = Stephan-Boltzman constant

= emissivity
F = view factor

Note: Material ablation will be discussed later.

If unit area is assumed, then:

dTs = _R(T_ky_T_)+_X_(TI_T_)+q,, ol
dt pCpAxL Ax ]

In difference form:

ATs _

At
2 [R(T,ky_(Ts+ATs))+__Tl_(Ts+ATs)}+q,,aero 1

pCpAxL Ax ]

ATs =

2At R(Tsky-Ts}+2Fo(T1-Ts_ 2At q"aero

pC_x pC_x

where:

k_tFo=Fooernum r,()
The diffenential equation for node 1 can be written as:

pCpAxA-_ = A-JL(Ts-T1) +A-JL-(TE-T1)
Ax Ax

Assuming unit area and resolving into difference form:

ATI : Fo(T_-(TI-AT,))+Fo(T2-(TI-ATI))

ATI = Fo(Ts+T2-2TI)
1+2Fo

For any interior node, (1,2,3,4), the difference equation can be wriiten as:

ATi = Fo(Ti.l+Ti+l-2Ti)
1+2Fo

6-2-3



The differential equation for node sub can be written as:

0Cp 2._--A-_--_ = A--_-(T4-Tsub) +A_T,I-Tsub)
Ax Axa_.___..!l

2

where:

k_ = Conductivityof Aluminum

Ax,l = Length increment of Aluminum

Assuming unit area, and resolving into difference form:

ATsub =2 Fo(T,4Tsub-ATsub))' 4kLIAt (Tal.(Tsub_ATsub))

0CpAxAxal

ATsub =

2Fo(T4-Tsub}÷ 4k_At (Tal-Tsub)

pCvaxax,l

l+2Fo, 4k_At

pCvaxAx,a

Finally, the differential equation for the aluminum can be written as:

- Axa!-d.T.A[ A-_Tsub-T_)
pLlt-:p.,2 A dt = Axa....._L

2

Assuming unit area and putting into difference form:

ATal = FodTsub-Tal)
l+2FO_l

where:

Fourier number for aluminum, / kalAt /Foal
p.,Cp.,lzXx:.l}

The solution method for this system of equations is a simple "march through"

using the old values of temperature to find the new temperature increment.
Differencing solutions were discussed in detail in Chapter 2, Section 3.
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This problem is unique because the SLA-561 material ablates, causing the length
increment to change. The SLA-561 material will begin to recess at a temperature
of 990°F. The recession rate has been determined experimentally to be:

/'= 1.10E-6* QL81 (s_ft_..)

where:

Qzw = Cold Wall Heating Rate

(Wall enthalpy is calculated using a wall temperature of 0.0°F)

To avoid stability problems the time step used in this explicit solution must be
kept small. The stability criterion for a one-dimensional interior node is:

Fo50.5

B. SINDA Model Formulation

The SINDA model of the nose cone is a simple one dimensional model calling the
ABL subroutine.

C. ABL Documentation

Subroutines ABL provides for the simulation of an ablating TPS material based
on empirical recession correlations. The ablator thermal network, figure 3,
consists of a thin skin diffusion node which is located on the TPS surface, and
a core diffusion node which is located in the middle of the TPS material. The

thin skin surface node is subjected to user specified environmental heating data.
It behaves as a normal, transiently responding, diffusion node if its temperature
is below the ablation temperature. If the computed thin skin temperature is
above the ablation temperature for a given time step, then the following
operations are performed:

1. a recession rate is computed based on instantaneous cold wall heating
rate,

2. the thin skin nodal temperature is set to the ablation (recession)

temperature.

3. conduction path lengths are adjusted accordingly based on the computed
recession distance, and

4. the thermal capacitance of the core node is adjusted to reflect the change
in ablator thickness.
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oAeF

A
H_Tr) Cp

_ Insulation _"-

TPS Core Diffusion
Node

c.,..

Current _ p,.

,4-

Substrate.--_.-

SINDA T

Node (

Minimum

Thickness

Xmin

Figure 3. TPS Thermal Ablator Network

The TPS core node is allowed to conduct heat to/from both the thin skin and
SINDA "substrate" node. Provisions are made to allow for nonlinear heat

conduction and storage in the TPS via specification of temperature dependent

material properties.

To invoke the ABL routine, the following modified FORTRAN statement is

placed in the VARIABLES 2 operation block:

M CALL ABL (Axx),

where, Axx = SINDA reference to the ABL working array

alt/,..Inal 

The ABL working array serves to (1) define the physical parameters that
describes the TPS material, (2) direct the method of solution used internally by
ABL, and (3) define the locations of material and heating data. The ABL

working array is entered into the 3ARRAY DATA block. The contents of the
array are given in Table 1.

The current Vax ABL routine (i.e., Version 1.0) is specifically designed to use
the USBI environment files. These files are formatted with time as the

indepeadent variable and convective film coefficient, recovery enthalpy, and
incident plume radiation as dependent variables. Since the USBI environment
data files are all structm'ed the same (QMODE = -301), the routine is currently

configured to read only the data files that fall in this category. In future
versions, if alternate methods of heating data input are required, simple
modifications to the calculation procedure contained in the subroutines GETQI

and GETQ2 must be performed.

Item 14 in the ABL working array is the material array number. The material
array is also input in the 3ARRAY DATA block and serves to define TPS
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material properties such as specific heating, thermal conductivity, and recession
constants. The specific entries in the material array are given in Table 2. Item 7
in the material array is the material mode specifier. For this input, there are six
options enabled in this version of ABL. If a material mode of - l is specified,
then the first l I entries in the material array are required. When using this
option, thermally dependent TPS material properties arc calculated via simple
linear expressions across the anticipated temperature range. If a two material
mode is specified, then the ABL working array requires 25 enl_'cs. If a material
mode of -3 is specified, then the material array requires 36 inputs (see Table 2).
Material mode -2 is used for the heat of ablation option. A positive material
mode provides the option to suppress negative aeroheafing loads in recession
calculations. The anticipated temperature range is banded into three regions
wb.ich are defined by lower and upper temperature limits. Thermal dependent
properties of the TPS material, figure 4, arc computed per specific coefficients
that are defined local to each temperature region.

TPS Density,
Conductivity,
or Specific
Heat

Lowcr

limit

Material Property Coefficients (C's, K's, and D's)
Defined in Table 2

U _per
Limit

T, °F

Surface
Recession

Rate,

[ R2i o ).o
Switch Over Cold Wall

Cold Wall Heating Rate, Q_
Heating Rate

Figure 4. Thermal Dependency of Material Properties

Using material mode -3, the TPS recession constants are defined for two cold
wall heat rate regions (see figure 4). The switch over heat rote is a user
specified quantity (item 12 in Table 2). ffthe computer cold wall heat rate is
greater than the specified limit, then the secondary recession constants are used
in the recession calculations.
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To obtainABL diagnosticoutput,thefollowing call is placed into 3OUTPUT
CALLS:

M CALL ABLOUT (Axx)

where: Axx istheABL working array

Provided as outputam TPS surface/corenodal temperatures,minimum nodal
time constant(DTMX), current/ablatedthicknesses,hot/coldwallheatingrams,
and materialstaresindicators.Nodal timeconstantsarccomputed forthethin

skin,core,and the substratenodes. A testisperformed todetermine which is

the fastestthermallyrespondingnode (i.e.,theminimum DTMX). The ABL

internal time step is then computed as approximately 75 percent of this value.

The hot wall environmental heating rates are computed per the following

relatioships:

Qr_d=_A_T_sink-T4w_ll)

Q =A(Qp m,)

Q_-_p H(Tr)-H(Tw_))

Qh_+(Qa_ro+Qi)Qf_

If the TPS surface temperature is at or above the specified recession
temperature, then a surface recession rate is computed based on the cold wall
heating rate. The basic relationships used in this calculation are given:

Q=A(QpI o)

Qgcro=MAX [0.0,_p I-I(Tr)- I-I(T._)) 1

Qcw=(Qm, o+Qi)Qflctor

f-Rij(Qc_) R"

In the recession calculations, if the aerodynamic heating rate is negative (i.e.,

cooling the TPS surface), then this quantity is set to zero. This operation is
indicated by the MAX 0 function in the above expression.

The material status indicators in the ABL output have the following meaning:

Status 1........ normal TPS simulation
Status 2 ........ bond.line temperature exceeded, environments

now imposed on the substrate material,
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Status3 ........ all TPSmaterialhasablated,environments
arenowimposedonsubstratematerial.

Onerational Characteristics of Vax-ABL Version 1.0

(1) Explicit SINDA numerical solution routines are recommended but are not
necessary. If an implicit routine is used, make sure your input time step is no
more than 3 to 4 times the substrate CSGMIN. Model sensitivity to the input
time step should be checked.

(2) Use of boundary nodes to store TPS thickness is possible but not
lY,gg.Illmglld_- A problem surface when the solution routine adds/subtracts
460.0 to all temperature locations. For example, if the minimum TPS thickness
is 0.0002 inch, then adding 4600 results in 460.0002 in the storage location.
When 460.0 is subtracted from this location, the result may be 0.00178. The
reason for the difference is that the Vax can only compute about 5 to 6
significant digits of accuracy in single precision mode. The fractional part of
the "Rankine" value is beyond the credible resolution of 32 bit arithmetic.

(3) When specifying material properties per the -3 material mode, make sure
the functional values are approximately continuous at the temperature change-
over limits. Large discontinuities in the material properties can cause
instabilities in the ABL solution routine.

(4) Entry 17 in Table 1 is the minimum TPS node thickness. This is the
thickness of the thin skin node. Be sure this quantity is no larger than about I
percent of the total TPS thickness. The routine stops the ablation simulation
when the TPS core node is 2 times the thickness of the thin skin node.

(5) The QMODE specifier (item 8 in the ABL working array is disabled thus
inputs in this location are ignored.

(6) Actual node numbers greater than 4096 (i.e, 212) cannot be used in ABL.

This constraint of course precludes using ABL with SINDA models larger than
4096 nodes as well.

Location

1
2

3

4

5

6

7

8

9

10

11
12
13
14

15

Description Type

SINDA Substratc Node Number (Actual Reference) Integer

Used Internally Real

Used Internally Real
Radiative Coefficient Real

TPS Surface Area Real

Radiative sink temperature or SINDA node that contains data value (actual Real/Int

node number) Tsink

Computed smallest insulation nodal time constant, DTMX Real

QMODE (Note that only QMODE -301 is enabled) Integer

Q factor or array number of Qfactor vs. time (doublet array input) Real/Int.
Array number of plume radiation (Qi) vs. time (doublet array input) Integer

Singlet time array number Integer

Singlet recovery enthalpy array number Integer
Singlet film coefficient array number Integer

Material array numbez Integer
Initial TPS thickness or SINDA boundary node (dummy location) that Real/Int.

contains the data value, Xinit

I/_ Status

Input
Leave blank

Input

Input

Input

Leave blank/out

input
Input

Input

In_ut
Input

In mt

In)ut

Input
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16

17

18

19

2O

21

22

23

24

25

Locauon

1

2

3
4

5

6
7
8
9

10

11

12

13

14

15

16

17

18

19

2O

21

22

23

24

25

26

27

28

29

30

31

32

33

34
35

36

CurrentTPS thicknessor SINDA boundary node (dunlrnylocation)that

containsthe datavalue,Xcur

MinimumTPS thicknessor SINDA boundary node (dummy location)that

contains the data value,Xmin

Initial TPS sta-fece temperature or SINDA boundary node (dummy
location)thatcontainsthe datavalue,Twill

Initial TPS core temperature or SINDA bounchey node (dummy
location)that contains the data value, Tcore

Material array number, outer material
Initial TPS d_ic_ or SINDA boundary node (dummy location) that

contains the data value, Xinit2
Current TPS thicknessor SINDA boundm'y node (dmnmy location)that

conttms the data value, Xcur2

MimmumTPS thickness or SINDA boundary node (dummy location)that

contains the data value,Xmin2

Initial TPS sorface temperature or SINDA botmdm'y node (dtanmy
location)that contains the dam value,Twall2

Inidal TPS core temperature or SINDA bounda7 node (durmny
location)that contains the data value, Tcore2

Table 1. ABL working array storage locations

Real/Int.

Real/Int.

Real/Int.

Real/Int.

Integer
Real/Int.

Real/Int.

Real/Int.

Real/Int.

Real/Int.

Leave blankJout

Input

Input

Input

Input

Input

Leave blank/out

Input

Input

Input

Description Type IX) Status

TPS Density Real Input

TPS Specific heat constant, C 11 Real Input

TPS Specificheat constant, C12 Real Input

TPS Thermal conductivity constant, kl I Real Input
TPS Thermal conductivity constant, k12 Real Input

Bondline temperature limit, "F Real Input
Material mode Integer Input

Recession (ablation) temperature, OF Real Input

Fixed (cold wall)temperature,*F Real Input

Firstrecession equation coefficient' R 11 Real Input

Firstrecession equation exponent, R12 Real Input

Fixed wall heat rate to begin using second recession equation Real Input

Recession temperature for second recession equation Real Input
Blank Leave blank

Second recession coefficient,R21 Real Input

Second recessionexponent' R22 Real Input

TPS density constant' D 11 Real Input

TPS density constant' DI2 Real Input

Density lower temperaturelimit' °F Real Input
TPS density comumk DRI Real Input

TPS density comtant, D22 Real Input

Density upper temperature limit, °F Real Input
TPS density constant. 1331 Real Input

TPS density constant. D32 Real Input

Specific heat lower temperanue limit' *F Real Input
TPS Specific heat constant. C21 Real Input

TPS Specific heat consumt, C22 Real Input

Specificheatupper temperaturelimit, °F Real Input

TPS Specificheatconstant,C 31 Real Input

TPS Specificheatconstant,C32 Real Input

Thermal conductivity lower temperature limit, °F Real Input
TPS Thernmi conductivity constant, k21 Real Input

TPS Thermal conductivity constant, k22 Real Input

Thermal conductivity upper temperaturelimit, *F Real Input
TPS Thermal conductivity constant, k31 Real Input
TPS Thermal conductivityconstant,k32 Real Input

Table 2. ABL material array storage locations
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List of Svmbols

Tsi_
T_
Tcore
Tsub
QJ
Qplurae

K

I-ICrw_u)
MAX

Q factor

Xc_

Xinit

Xmin

Tew
Cw_l
Ceore

Rij
Riit

TPS net surface radiative heat rate to the environment, Btu/sec
effective radiative sink temperature, °F
TPS wall (surface) temperature, °F
TPS core temperature, °F

SINDA substrate temperature, °F
imposed heat rate on TPS wall node, Btu/sec

incident plume radiation heat flux rate, Btu/sec/ft 2
aerodynamic heating rate, Btu/sec

average convective film coefficient, Btu/ft2/sec/R
air specific heat, Btu/lbm/R
recovery enthalpy, Btu/lbm
wall enthalpy, Btu/lbm
selects the algebraic maximum of the input arguments
hot wall heat load, Btu/sec
Q factor
current TPS thickness, ft
initial TPS thickness, ft

minimum TPS thickness, ft

cold wall temperature, °F
TPS thin skin node thermal capacitance, But/R
TPS core node thermal capacitance, Btu/R
TPS recession coefficient

TPS recession exponent
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III. Problem Solution

A. FORTRAN Code Listing

C THIS PROGRAM WILL MODEL SLA-561 ABLATIVE MATERIAL ON

C A 0.200IN THICK ALUMINUM SUBSTRATE. THE ALUMINUM

C TEMPERATURE WILL BE PREDICTED FOR A RUN TIME OF 400

C SECONDS WITH A VARIABLE HEAT RATE APPLIED TO THE ABLATIVE

C MATERIAL AND RADIATION EXCHANGE WITH A 50 DEG F ENVIRONMENT.

C

5O

C

C

C

i00

C

C

C

C

DELTIME * 0.01

RHOSLA = 16.0

DXSLA = 4.167E-2/5

CPSLA - 0.34

CONSLA - 2.444E-5

RHOCPA z 40.0

CONAL = 2.000E-2

DXAL = 1.667E-2

TINF = 510.0

TSURF * 540.0

T1 - 540,0

T2 z 540.0

T3 = 540.0

T4 = 540.0

TSUB - 540.0

TAL - 540.0

TIME - 0.0

J - 5

I - 999

ABLOSS - 0.0

WRITE(II,50)

FORMAT('TIME',4X, 'ALUM TEMP',4X,'SURF T',4X'MATERIAL LOSS')

SOLVE FOR RADIATION CONDUCTOR

R = 4.285E-13 " (TINF''2-TSURF*'2) " (TINF+TSURF)

CALCULATE FOURIER NUMBERS

FOSLA = DELTIME*CONSLA/(RHOSLA*CPSLA'DXSLA''2)

FOAL z DELTIME'CONAL/(RHOCPA'DXAL''2)

SOLVE FILM COEF AND RECOVERY ENTHALPY

IF (TIME .LE. 50) THEN

FC " 0.001 + 0.00198"TIME

HREC = 100.0

END IF

IF ( TIME ,GT. 50) THEN

FC " 0.I -(2.828E-4) " (TIME-50.O)

HREC * I00,0 + 2.0 " (T!ME-50.0)

END IF

SOLVE HEATING RATES

HWALL = 0.2345"TSURF+9. 786E-6,TSURF''2_943'6/TSURF-I'57

HCWALL * 0.2345"460.0+9.786E-6"460.0''2+943.6/460.0-1.57

Q = FC*(HREC-HWALL)

QCW " FC'(HREC-HCWALL)
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25O

30O

35O

C

C

C

50C

SOLVE TEMP INCREMENTS

A = (2*DELTIME*R)/(RHOSLA'CPSLA'DXSLA)

B - (2*DELTIME)/(RHOSLA'CPSLA*DXSLA)

C - ABS(A)'(TINF-TSURF)+B*Q+2*FOSLA'(TI-TSURF)

D z I+A+2*FOSLA

DTSURF - C/D

DTI = FOSLA'(TSURF+T2-2*TI)/(I+2tFOSLA)

DT2 = FOSLA*(TI+T3-2_T2)/(I+2*FOSLA)

DT3 - FOSLA'(T2+T4-2"T3)/(I+2*FOSLA)

DT4 - FOSLA'(T3+TSUB-2*T4)/(I+2"FOSLA)

A = 4*CONAL'DELTIME/(RHOSLA*CPSLAtDXSLA-D×AL)

B = 2*FOSLA*(T4-TSUB)÷A'(TAL-TSUB)

C - I+2"FOSLA+A

DTSUB - B/C

DTAL - 2_FOAL*(TSUB-TAL)/(I+2"FOAL)

INCREMENT TEMPS AND TIME

TSURF = TSURF÷DTSURF

IF (TSURF .GE. 1450)

T1 - TI+DTI

T2 - T2÷DT2

T3 = T3+DT3

T4 = T4+DT4

TSUB - TSUB+DTSUB

TAL _ TAL+DTAL

TIME - TIME+DELTIME

I _ I+l

TSURF-1450.0

CHECK TIME AND WRITE TEMPS

IF (TIME .GE. 401) GO TO 500

IF ( I .EQ. I000 ) GO TO 250

TF - TAL - 460.0

GO TO 350

WRITE(II,300),TIME, TF, TSURF, ABLOSS

FORMAT(F6.2,2X, FI0.4,2X,FI0.4,2X,FI0.4)

i = 0

CONTINUE

CHECK FOR ABLATION AND CHANGE TPS THICKNESS

IF (TSURF .GE. 1450.0) THEN

ABLOSS - ABLOSS+((I.IE-6"QCW**I.81)*DELTIME)

DXSLA - (J*DXSLA-(I.IE-6*QCW**I.81"DELTIME))/J

GO TO I00

END IF

GO TO I00

CONTINUE

END
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B. FORTRANOutput

ALUM_ $URFT MA'rmuALLOSS

0.01 _).0000 5_J).M 0.0000

10.01 80.0000 47q.20r/ 0.0000

20.01 I).OGX) 4_.2_@ 0.1_00

30.01 79,9483 42L3"N5 0.0_0

40.01 "/_JIG32 &_.1151 0J3000

_0.01 79._$10 4 Z1.79M 0.00_

60.01 79.1900 490_1 0.0000

70.01 7'8.7339 _/.0_9 0.fl_0

80.01 "_ .24_ M,3 .._M6 0.0W0

90.01 77.8204 ?19.341K) 0.0aEI

100.01 7'?-5463 7qM..60_

110.02 ?'7..5093 1_8_ 0.0000

120.02 "rT.'/"ng _l,._m) o,0ooo

1_._ ",qL40] $ 1011.,9357 0._

140.01 '_A_2 IWJO.96d_ O.GO00

150.01 gOJr/4l 1147.9T/0 O.O00D

160.00 87.762.2 121_ 0.0000

170.(X) _.1023 IZ?4JI676 0.0_0

1"79.99 83'.8952 1334.4210 0.0000

199.M 91.1423 1391.1144 0.0000

199.51Q 94J339 1444.']'/42 0,0000

2_._/ W.04_ 14_OJ0_0 0.0016

219.97 103.9432 14_0.0000 0.00_

_29.9_ 109._919 14_0.0000 O_O_M

239.9G 116-0066 14_0._00 0.fl073

M9.95 I_I.1741 14_0.0000 0.0_I

•_9.95 131.066,3 14_0.00_0 0.010}

P./@.% 139.64,116 14_lO,O00Cl 0.012"}

T/_.K/ 144L_1_6 14_0.0000 0.0144

2_9.9_ I$8.Td7_ 14_0.0000 ODI_

299.99 169.1983 14.50.0000 0.01'73

310.00 180.1980 14._OJ_O0 0,,01:06

3_I 191.7037 1450.0000 0.019S

330.02 _0_._'71 14_)J_O0 O.¢t_

340.03 Z15.91_7 1450.0000 0.0Z16

3_.Oa. 22_._013 14_OJ_O0 O.W_I2

370.06 2.54.28_0 14_0J_00 Orn_l

_10.07 387.1.q_ 14_0._00 0.07.33

3gO. ra _/_J_/41 l_/_ 0.0233

4_0_ _91.?$11 1188.6919 0.0233
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C. Graph of FORTRAN Results
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D. SINDA _put Listing:

BCD 3THERMAL LPCS

BCD 9SHUTTLE-C NOSE CAP TPS MODEL

C

C This is a simple I-D SINDA model of a body point on

C the Shu_tle-C nose cap. The aeroheating environments were

C given as FC - 0.001+0.00198 *t and Hr - I00 for t <- 50.

C FC - 0.I - 2.828e-4"(t-50) and Hr - i00 + 2"(t-50)

C for t • 50.The SINDA subroutine ABL will be called

C in this model. The aluminum substrate will be modeled as a

C flat plate, 1 square foot in area. The skin thickness was

C assumed to be 0.200 in. and the ablative material 0.5 in. thick.

C Initial temperatures were taken as 80 deq F for the skin

C and ablative material. The sky temp. was assumed %o be 50 deg F.

C

END

c

c

c

C

c

c

c

c

BCD 3NODE DATA

150,80.0,0.333 SSUBSTRATE NODE 0.i00 IN. THICK, To = 80 F

250,80.0,0.333 $1NTERIOR SUBSTRATE NODE

-500,50.0,1.0 $AMBIENT SINK TEMP_ 50 OEG F

END

BCD 3SOURCE DATA

END

BCD 3CONDUCTOR DATA

151,150,250,I.0 $CONDUCTIVITY HIGH TO REDUCE TO ONE NODE

END

BCD 3CONSTANTS DATA

OUTPUT = i0.0

TIMEO - 0.0

NLOOP = 500

CSGFAC " 4°0

DRLXCA = 0,i

ARLXCA = 0.i

NDIM - 40

TIMEND " 400.0

END

5 $SLA-561 MATERIAL PROP. FROM <JTC

16.0,0.34,0 0,2.444E-5,0.0,400.0,-1,990.0,0"0, 1.10E-6

1.81

END S EMISSIVITY = 0.9

C
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C AEROHEATING ENVIRONMENT DATA BELOW

Ct_t_tt_t_tttt_twt_w_t_*ttttt_t*_ft_tttw_wttt_t_t_tt_w_tw_w_w**

c

c TIME, POINT I00BODY

ii00

0.0

50.0

i00.0

150.0

210.0

310.0

400.0

ENDS

10.0, 20.0,

60.0, 70.0,

ii0.0, 120.0,

160.0, 170.0,

230.0, 250.0,

330.0, 350.0,

HEAT COEFFICIENT BODY POINT i00

2100

0.001,

0.I00,

0.08586,

0.07172,

0.054752,

0.026472,

0.00102

ENDS

30 0,

80 0,

130 0,

180 0,

270 0,

370 0,

RECOVERY

3100

I00

i00

200

300

420

620

800

ENDS

40.0

90.0

140.0

190.0

290.0

390.0

0.0208, 0.0406, 0.0604, 0.0802

0.09717, 0.094344, 0.091516, 0.088688

0.083032, 0.080204, 0.077376, 0.074548

0.068892, 0.066064, 0.063236, 0.060408

0.049096, 0.043440, 0.037784, 0.032128

0.020816, 0.015160, 0.009504, 0.003848

ENTHALPY BODT POINT 100

O, i00,0, I00.0, i00.0, i00.0

O, 120.0, 140.0, 160.0, 180.0

O, 220.0, 240.0, 260.0, 280.0

0, 320.0, 340_0, 360.0, 380.0

O, 460.0, 500.0, 540.0, 580.0

0, 660.0, 700.0, 740.0, 780.0

0

PLUME INPINGEMENT, ALL BODY POINTS

4100

0.0, 0.0, 0.0, 0.0,

0.0, 0,0, 0.0, 0.0,

0.0, 0.0, 0 .0, 0.0,

0.0, 0,0, 0.0, 0.0

END

o.o, o.o, o.o, o.0, o,o

0.0, o.0. 0o0, 0.0, o.o

0.0, 0.0, 0.0_ 0,0, o,0

35,SPACE,62,END

C

C

C Ablation array: 1 TPS ABL working array format

C

50 $

150,,,_o285E-13,1.0,500,,-301,I.0,35,1100,3100,2100,5

0.0417,, .0004,80..80.,END

C

C

END

BCD 3EXECUTION

CALL JOIN(31,A(II00+I),A(4100+I),A(35+I)) SCOMBINE SINGLET ARRAYS

CALL SNADE

END
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c

c

c

C

M

C

C

C

M

C

C

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

CALL ABL(A50)

END

BCD 3OUTPUT CALLS

TPRINT

TDUMP

CALL ABLOUT(A50)

END

BCD 3END OF DATA
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E. SINDAOutputListing:

SHUTI'IE-C _ _ IP'JN3]C_

mN_m_ 9 I_q_C _ IECp(I_ID_ ojr (i P 22 RW_E_aE _*

TD_ND- 4_0.00 , CS_PO- 4.0000 , IY['_-0.0D_XZ_O. _- 500

0.0C00_-*C0. _ 0.0000_.+00, CH2.'_/( 0)- 0.0000QZ.I_X], A3d_O_( 0_,-- 0.0000O_+00. _l_( 0)-- 0.0000QE"KX)

T LSO - _._0_0 T 250 - 80.O_X) T 5(]0 - 50.0000 T

_ LS_ _ 1 02 _ 0.00000 _ -0._3711 _ 0.00000 _ liO._

1.0000(]E+_, _ 5.(Z_10_-¢0.. _[].EN( L%0)- 3.33_XE-.0L _[::( 0)- 0.00C0_._0. D'RKI:( L._- ',._DIIZ-03

ID3PC'P- 0 , A_K:_( 0_- 0.0000(E'_0. I]_(_( 01- 0.O000_+O0

T 1.50- 99._I01 T 2_0 - 79._MI T 500 - 50.0000 T

_N_I_ 150 _ 102 _ 0.34_5 O-HW- -0.11.543 _ 0.0_0_0 _ '79.91

0.00000 _ 0.0C000 _ -19,17 1'-C[]_- _.6_ _ 0.Otl".10 _, - 0.00_0

2.000OG_0., _ 1.0040_0. (_]MBR( LSO)- 3.3.300_--01, _IR_( 0)- 0.000_._0. I_.IK_( 1501- 4.6752_-_2

0 , A_(r( 0)- 0.0_0_,GL I]I_CC( 0)- 0.00000E,E.O0

T 150- "_._ll0T 250- _.--, 5_- 50.0_0T
_rN_Z 150 b-'gu_JS i 0 2 _ 0.19"/_ _ _).12_2 _ 0.00000 ?-SJB- "79.91

'[D,B- 3._, _ 1.0040(E,_0. C_:)_W( LS_- 3.3300_--0L A_B_:E( 0)- 0._000_00, I::_IL_:I 150)- 7.50"rJ_-OC.

T 150 - 79.7599 T 2._ - _._5 T _00 - 5D.0DOD T

_I_N_E l._ _ 102 _ 0.13106 _ -0.LI_E4 _ 0.00000 _ ;_._

4.00_0_01, _ 1.004(XE_0. (_1:].'_( 1.50)- 3.3300_'-01. K_C_{ OF- O.00GXZ.K_. 17B_O::( L.;O)- 1.01J-q_-01

0 , N_.X_I _- 0.00C0_'K]0. I:]_(E( 0)- 0 0000_WX)

T 150- "_9.4110T 250- ";9._I_T ._0- _0.00C0T

_K,_3Z 1.50 _ 1 0 2 D'RW- 0.1(_3 _ -'0.L1_1 _ 0.00000 _ M..49
0.0{_0 _ 0.00000 'P-_R_- -_6.12 "P'G3q{I- ¢2.57 _ 0.Otl_0 _ - 0,00000

5.000[X_, _ 1.001_'_0, (2_J_( 150)- 3_-01, ,I_4R_( 01-- 0.0[XIX_'_0. ITJM_( LSO)- 1.24_'_01

0 . A'_X_( _- o.ooo0a_o0. I]R.X:E( 0)- 0.0000_._0

T 150 - _.le17 T 250 - 7_06 T 500 - _.000_ T

_ 150 _ 1 02 DIM- 0.01_1 _ .'0.11._ _ O.00_0 _ _J.11
0.0_IX_ _ 0.01_00 _ -_.3_ _- 51.44 )OR- 0.04Y_ _- 0.0{_00

T 150- "_.?_IT 250- 7_.E_T 508- 50.0D_T

_N_ 150 S_ I 0 2 _ 0._830 _ -0.0_223 O_ 0._8090 T-eUB- 78.80
0.(]_0G) _ 0.0_0_ T-g.l_.- 40.1_ _- 56,61 _ 0.Or1";0 _-0.0000D

7.00D0(_I. _ 1.0D4OO_D. _2_( L_)- 3.33{X)0Z-0L K_( 0)- 0._0_0_, _( L._)- L._-01

T 15_- 70.4_T w,_. 71.47_T 5_- 50._T

_N_ l"_ S'_ i 02 I_ 0.(_ 0"_ 0.08_2 _ 2.'_I _ 711.43

mere

n

1.00_*_, _T_ 1.0_. (_( 150)- 3.-_'_I, _( 0)- 0._{X_, i_( 150_--].T}'_-_

IE_ 0 , A_( 0)- 0._(IX_',_, {_( 0)" 0.(X_'_O

T L_O - 77._q5 T 2_ - 77._67 T 5_ - 50.0000 T

_KI_ I'-_ _ 102 _ 0.(_//_ _ 0.31_x? _ 7.eJl1_ _ 7"7.9";
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T 150- "_.2_4T 2_- "MII._T _. _._QOT

_...N_Z 150 _ 102 _ 0. l,l_ _ 0.3@TZ.I _ 9.0S_I _ "MI.2'0

o.oa_o _ 0.0_ _ 416/'19 _- _,76 _ 0,041";0 _ 0

O C2:Pl_t@'@"_._._ J_.GPdI_I _ 1.3_.H_'IO_.'W4U_SX3_. _.-RICZ 3

T 1.50- I._ T 250 - _._ T 500 - _._ T

_ff.,_ 150 _ 102 _ 0.1_B_"; _ 0._9 _ i0_ _ "_@-_
0._ _ 0._ _- _._ _- 116.20 _ 0._ _* 0._

1.3_0(Z'_R. 0TJM_- 1.004EXZ.c.O0. C_N{ 1501- 3..1300_.-0L .I(D4_C( 0}- 0.0aO_IZ,_D. R.IKE( 1,5_--3_-01

T 1.%0 - ";_.4_d, T Z50 - "_'9..._4_ T SG0 - S0.00CO T

_ 150 _ I 02 _ 0.10606 _ O._ _ _._ _ _-_

0.01_0 _ 0.00000 T-SJEF1- ,T_.&3 _- 134,51 _ 0.0¢l';0 _..-0.0_C0

0 , _I 0)- 0._. _( _- 0._

T _ m KI.._ T 2_" gO..,_lS_ T 500-- 50.00_) T

_ 150 _ L02 _ 0._ _ 0..SC_9 _ _._I_ _ _._

0.aoo_ _ o.o_o0 "t-_.- 6z3.6o T,.G_- 154.41 K1R., 0.0_1")0 _l,-0._

0 A_.X_( 0)- 0.0000_. _X2_( 0)- 0.00_1_O

T 150 - El ._M'7 T 250 - $I._ T 500 - _O.0_O T

_BLN_ 150 S_ 102 D_ 0.iiI_ _ 0._475 C_ _._ _ _1.96

0.0_000 _ 0.000_ _- _.34 _- 1"_.61 _ 0,0tl_ X_.,-0.00000

IEOPCT- 0 ._..._C( _ 0.000[XE._O0. 01_l_( 0)- o.oalx_..._o

T _ -- _._0 T _ - 113.4351 T 500 - _._ T

._,_ l',n _ i 02 _ 0.1/-'.'.'.'.'.'.'.'._ _ 0._ _ 14._ _ 113.72

T 1.%0- gS.N19 T 2_ - gS.._ T 500 - "_._[X_ T

_ _ _ 102 _ 0._ _ 0._ _ _.ll _ _.M

0.[]_0 _ 0.000_ "L_d_- 1110.411 _- 221.35 _ 0._190 _m,-0.000_

O_._,I_i_ J.D._ _I___. _.-_ 4

T 150- _._T _- _,_T 500- _n-_T

_ 150 5"_411J5 102 _ 0._ _ 0._

T 150 - _.I_ T _ - _0.73"_ T 500 - _._ T

_ LS0 S'_ZU5 I 02 _ 0._'_'.J_, _ 0.77547

0)- o.aoooa&*_, _( ol- o.oo00(_,oo

Is. _Z_l _ 11.33

0)- 0.CODO(I.,*OC,DPIL_£( 150)_I.0_131E_0

0)- 0.0CC0_',_0, 3_(_( 0}- 0.0c00az.,XI

_6.2146_ _ _,i_
K1JA- O.Otl_ _- 0,00000

0)- 0.00000_00
2.C(]00_+(]2. _ 1.004DO_*O0. C_[]M_ql 150)- "_"0L R( 0)- O.00GXZ'*_0. [:r]_t_£(

0 ,q_XZ:( Oi.-O.0000(E',K]0.I]_..X£(

T 150 - _.41_ T 250 - _._ T _-- _._ T
_ _ _ 102 _ 0._ _ 0._7 _ 16._ _ M._

T 130 - _.n,,_ T 250 - _//._13 T 5_ - _0.0_0 T

_ 1.50 _ 102 _ 0. L_6'/ _ l._ _ 16._I _ _._

2._, _ 1.00400Z'K:0.(2GM_I( 150)- 3..13(XX]_"0L XDf'_C( 0)- 0._'*_C, UDIR_[

T _- 1_.22,14iT _- I_1.5_%T _- 50._00T

_ 150 _ I 02 _ 0._ _ 2._ _ 17._I
0._ _ 0._ _. _._ _- 344.34 )OR- 0._

T 150- _._T _- I_T 500- _._T

_ 150 _ 102 _ 0.I_ _ 3.@_d307 _ 17,I_

0,_ _ 0._ _. _._ _- _._ _ 0._

O _.1_,_.i_,_ J.D.O_[_ _,_/Lq_fANSI i "_ NE:DGI_._L'G_R_:I:L I_ZS. _- -_

C_- 0.0000_'_0

102.22

l,_ --1. _J_]['_(_

@- o.0oooa_._0

- o. 0ole_E,
S
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2.4000_. _ 1.00qX]Z*00, (_O;( 150)- 3-_3_XE-OL _(

_ELN_]K 150 _ 102 _ 0,15057 _ 3._173

0)--0.0000_400, _D_C( ]301--2.(_'FZZ_O
0)- 0.0000(_w_0. _LK:C( _- 0.000O_

2.5000(_Q2, _ 1.0040_0, _( 1.%0)- 3.33[XXE-0L _Q_( 0)- 0.00G_(Z_0, _ta[_l L_)_2./'_20_IZ_(_

0 , A_Xr( 0)- 0.0000_+00. _U(:_I 0)- 0.0(_Z,_0

T 150 - I/$.5_51 T _n . I/_._ZI0 T 500 - 50.0_0 T

;B, _ 150 _ I 0 2 _ 0.15701 _ 4.23(_7 _ 16._3Z7 T'SU_ 1111.57

KIR2- 0.0000O _ 0.00000 T-_Rrl - _0.00 T-(I_2- 416.16 )OR" 0._01 )_-0.00_B

2._. _ X.00.100P-,'_0, C:3SM_l( 150)- 3.33(D(]E-'0L _( 0)- 0.0CO](_a_O0, _IR:_I L,_O)_2.5._r'_'K)0

0 . ,_(_( 0)" O.00O00Z'_S, fll_.X_( 0)- 0.000O(]E'K]O

T 150- ]25.4S31T 250- 124.4_T 500- _._DT

_N_ 150 _ 102 _ 0.16110 _ 4.64569 _ 16._LT_ T-_B-125.45

2.7_(XX_2, _ i._, C_O_( 15_- 3.33000K-01, _Qt_C[ 0)- 0.000O_m_0. _4_C( 130)_2.1_0_Z*00

T 1.%0- L_.I.I_T 2_- 131.Y/"_T 5_- .£1.0000T

.qLN[]_ 150 _ 102 _ 0.171_,_ _ 4._t'J_ _ 1(;.2_117 T'_B-L33.14

0._ _ 0.0_00 "/'-'_- _0.00 _- ,_D.m _ 0.0_5 )1_-0. m_',

0 , A_::( _- 0.00(E_,_0. []_(3:( 0_- 0.000_00

T L_ - 141._ T 250 - 140._123 T 500 - 50.0OCO T

_ 150 _ 102 _ 0.I_9 _ 5.13716 _ 15.71545 T-SU_-I41.67

0.0_ _ 0.00_D _ _.00 T-O_]_I- 410..1% _ 0,(_r;_ _o0.___II

2.9(X]0(_K_, _ 1.00,10QZ,_0o _IS_N( LS0)- 3.33C0_,-0L ._m.lR_( 0)- 0.0000QZ,_00, D'_IFCC( L.50)--3.3._0.0E_C0
0 , ARU(_( _- 0.01]00_Z_0, QIm.X3Cl _- 0 00001]Z,,O0

T 150 - _.0,_6 T 250 - 149X_18 T ._0 - 50.0000 T

KIE 150 _ I 0 2 _ O.l_ _ 5.213Z2 _ LS._ _ _"1._

0.000C0 _ 0.(_000 T-S_'I- _0.00 _- 500._ )OR- 0._3 )_,-0,_4_

SH21T_-C _ CR_ _ M_
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O , R_X_?I @- 0.00000Z_(_, oRxr[ 0)- 0.0G]R]Z+0_
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_ 150 _ 102 _ 0.L_44 _ 5.1_5 _ 14..M4_3 ?-_J_.L61.2_
0.ooo00 _ 0.00C00 'l_lJ_- _JO.oO T-_2_.- 511.57 _ O._l) _..-O.m._

0 , R_Cl 0)- 0.00(X_-_0, []_KEI 0)- O,O0000E._O

T L_ - 172.3";441T 250 - 170._M T 500 - _0.0000 T

a_,_ 150 _ 1 02 _ 0.2_2 _ 5.02S_ _ 13.a_54 T-'/B-172.3"7

0.00D00 _ 0.0_(D _t_F_- _0.00 _-(IR[I- 53,1,@5 _ 0._Z_0 _-0.011_

3.2_CQZ'K_, _r'94EIJ- 1.00410QZ,K]0, c:_._l( L.50)- 3.33000E-(]L A_4R_{ 0)- 0.00ClimES0, _,IK_( L50)--4._._,00

0 , _W.X_( 0)- 0.000C(]E.*00, ORI.X_( 0)- 0.00000EK)0

T 150 - _t_514 T 250 - _2.52_ T _0 - _O.000D T
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T 150- LIE.N01T _n. L_E._21T .%00- _0.0_0T
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_B.,_ 150 _ 1 02 _ 0.2m_ _ 3._ _ |._00 T-_J_-ZZ3.71
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F. Graphs of SINDA Output

ALUMINUM TEMP vs TIME
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IV_ References:

Bryan, D., M., "Description of the Vax-ABL Ablation Simulation
Subroutine", MSFC Memo ED64 90-41.
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Solid

Introduction to Chanter 7

Rocket Motor Nozzl¢ An_lly_i_

Analysis of Solid Rocket Motor (SRM) internal insulation and components involves
complex physical phenomena. These include convective heating, plume radiation, ablation

chemistry, heat transfer, and energy storage. Analytical representation of these phenomena
has typically been accomplished through use of several analytical codes. These codes

usually involve expansion of a plume to describe a flowfield, use of a boundary layer code
to define the wall heat transfer, and use of charring material code to account for the ablation
chemistry and the material thermal response. The descriptions included here include
several state-of-the-art codes developed by ACUREX Corporation to provide design
capability for these complex phenomena for solid rocket motor materials. The codes given
here are well established and typically use 1-D techniques. Use of these codes will provide
first order design material thickness requirements for SRM insulations and nozzle
materials.
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CHAPTER 7: SOLID ROCKET MOTOR NOZZLE ANALYSIS

SECTION 1. DESCRIPTION OF I-DIMENSIONAL TECHNIQUES

In order to predict solid rocket motor nozzle ablation, both aerothermal and heat transfer

analyses must be performed. The ACUREX Corporation has developed several computer
codes which are used to perform these analyses. The Aerotherm Chemical Equilibrium
(ACE), Momentum, and Energy Integral Technique (MELT) codes are used to establish the
internal nozzle aerothermal environments for subsequent use in the Charring Material
Thermal Response and Ablation (CMA) program, which is used for the ablation and heat
transfer analysis. A brief description of these codes is presented in Section A below, while
the nozzle analysis procedure is discussed in Section B. A CMA sample problem of the
RSRM Nozzle throat analysis is included in the Appendix.

A. ACUREX CORPORATION COMPUTER CODE DESCRIPTION

ACE

This code is used to calculate the motor chamber combustion gas products, exhaust gas
thermodynamic properties, and the subsequent I-D isentropic nozzle flow expansion at
user specified pressure points or Mach numbers along the nozzle wall. ACE is also used to
generate nozzle liner surface thermochemistry and boundary layer "edge" gas Mollier
tables. These sets of thermodynamic property tables are used in the CMA and MEIT
codes, respectively, The surface thermochemistry tables are used to calculate the pyrolysis
generation and liner ablation rates at the nozzle surface. These tables contain several pairs
of pyrolysis gas and corresponding surface char generation rates. The Mollier tables are
thermodynamic properties of the combustion gas products at the outer edge of the boundary
layer and are used as input data for the MElT program.

Required ACE input data for the chamber and subsequent 1-D nozzle expansion solutions
include:

,

2.
3.

,

Propellant elemental composition and heat of formation data
Chamber thermodynamic state variables (Tc and Pc)
Nozzle gas expansion locations (either a series of pressure points, covering
the expected operating range of the nozzle, or mach numbers)
JANNAF thermodynamic property data
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MEIT

This code is used to calculate the convection heating environment (gas film coefficients and

recovery enthalpies) along the nozzle wall. These surface heating boundary conditions are
used directly in the CMA program. Required data inputs to the code include values of
Cm/Ch, the mass to heat transfer coefficient ratio of the propellant combustion gas
products, Gamma (Cp/Cv), and ACE-generated Mollier tables. A table of nozzle body

points, along with associated "edge" gas properties (pressure, enthalpy, velocity, and
temperature), are also included in the input file. The MElT body points are taken from the
nozzle contour dimensions listed in Appendix A. The Cm/Ch value, Gamma, and "edge"
gas properties are taken from the ACE 1-D nozzle expansion output. MEIT output lists in
the thermodynamic properties at the wall surface for each body point, along with recovery
enthalpies and film coefficients. The recovery enthalpy and film coefficient data can then
be plotted as a function of nozzle axial length to obtain the heating distribution along the
nozzle surface.

CMA

The CMA cod." is a 1-D finite-difference heat transfer program used to predict nozzle liner

erosion and char depths, along with in-depth temperature profiles. Material property data
used with CMA include: Arrhenius kinetic rate constants, density, specific heat, and

thermal conductivity for both virgin and char material states, pyrolysis gas enthalpy, and
ACE-generated surface thermochemistry (ablation) tables. Other miscellaneous input data
includes: nodal thicknesses, program time constants, resin volume or mass percent, and
the MElT-calculated recovery enthalpies and film coefficients. CMA output consists of

erosion, char, and pyrolysis depths and rates, surface heat fluxes, and nodal temperatures
along with their decomposition states. The decomposition states indicate the degree of heat
penetration through the composite material.

F.Age Gas Propert'y FORTRAN Routine (EDGEPROP.FOR)

EDGEPROP.FOR is a FORTRAN computer program which aids the analyst in preparing
the MEIT body point table. EDGEPROP.FOR program extracts the edge gas properties
from the ACE 1-D gas expansion run and interpolates this data to the desired MEIT body

point locations.
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B. NOZZLE AEROTHERMAL/ABLATION ANALYSIS PROCEDURE

Step 1. ACE Nozzle Flow Analvsis and MElT Ed_,e Gas Prot)errie_

a° Run ACE expansion w/propellant composition, chamber pressure and either chamber
temperature of propellant enthalpy as the two thermodynamic state variables to obtain
the chamber solution. Include nozzle expansion pressures, from chamber to
atmospheric, to obtain 1-D isentropic flow profile.

b° Run EDGEPROP.FOR, using the EDGEPROP.DAT output file created from step a.
above and RSRMNOZCORD.DAT file, to interpolate edge gas properties from ACE
run to the body points contained in the RSRMNOZCORD.DAT file. Output files are
NOZGEOM.DAT and EDGEPROP.OUT. Use the EDGEPROP.OUT file as direct

input for the MElT body point table data.

C. Plot Qrad vs. axial length from the output data of step b. above. This plot gives the
radiative heating distribution along the nozzle wall, and will be used in the CMA
function of time tables.

d° Plot the edge gas properties (pressure,velocity,enthalpy,and temperature) from the
EDGEPROP.OUT file vs. the nozzle axial length to obtain gas property distributions
thru the nozzle.

Step 2. ACE MoUier and Surface ThermochemistrT/Table Generation

a° Mollier tables: Run ACE code, using a propellant composition without aluminum and
corresponding oxygen content required to form aluminum oxide, at a series of
pressures and temperatures covering the operating conditions of the nozzle. Use Pc
and Tc as the two thermodynamic state variables for the chamber solution. Within each
pressure sub-table, include expansion calculations at 500°K thru 4000°K in 500°K
increments. This will create a set of thermodynamic property tables of the boundary
layer gas as a function of temperature at several nozzle pressure stations. The resulting
ACE output is tabularized and formatted so that it can be used directly in the MEIT
input data file.

b. Surface thermochemistry tables: Run ACE using the same propellant composition as in
step a. above. Include the elemental compositions for the pyrolysis gas and the surface
char in addition to propellant composition. Use the same thermodynamic conditions
for the chamber solution in step a. above. The edge gas conditions (Pe and Te) for the
nozzle station to be analyzed with CMA need to be identified from the plots in Step ld.
Once the edge pressure has been established, expand the gas from the chamber to this
new pressure in 500°K temperature increments, from 500°K to 4000°K. Include card
sets for pyrolysis gas and char rates so ablation tables can be created at the specified
nozzle station edge pressure. The output surface thermochemistry tables are written
into a file labeled ACEOUTIYI'.PCH and can be inserted directly into the surface
thermochemistry table section of the CMA input file.
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Ster_ 3. MEIT Boundary Laver Analysis

a.

b°

Run MElT code using ACE Mollier tables created form Step 2a above and the nozzle
body point data from the EDGEPROP.OUT file created in Step 1. Additional MEIT
inputs include GAMMA (Cp/Cv) and CnVCh ratio for the propellant exhaust gas.
These values are obtained from the ACE expansion run in Step 1. GAMMA can be

found directly in the ACE output, while Cm/Ch (mass to heat transfer coefficients ratio)
is calculated as follows: Cm/Ch = 0.z) **0.667 = (Pr/Sc) **0.667. Values for Pr and

Sc numbers are taken directly from the ACE expansion output from step 1. Typical
values for GAMMA and CrrdCh, for the shuttle PBAN propellant, are 1.2 and 0.70,

respectively. MEIT output includes tables of both the wall and viscous boundary layer

gas properties at each of the specified body points.

Plot the film coefficients and recovery enthalpies vs. the nozzle axial length to obtain
the boundary layer heating distribution through the nozzle. This plot will he used to
determine the surface heating boundary conditions for the CMA program section.

Step 4. CMA Heat Transfer/Ablation Analysis

a) This is the final step in the ablation analysis procedure. Run CMA using output data
from the previous three steps and include the 1-D nozzle liner nodal grid. Additional
code inputs are the nozzle liner material Arrbenius kinetic rate constants and thermal
properties, pyrolysis gas enthalpy, general program time constants, and nozzle surface
heating boundary conditions computed in step 3.

b. Output data consists of the current erosion, char, and pyrolysis depths and their rates,
along with the nodal temperatures and decomposition states. Integrated totals for the
surface and in-depth heat fluxes are also included. This output data is printed at every

print interval specified in the input file.
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FIGURE 5. NOZZLE ANALYSIS PROCEDURE

Steo I. ACE Exnansion

Specify the chamber pressure, fuel elemental compsoition and heat of formation and run
I-D isentropic expansion to deifn the nozzle flow environment.

Notes: 1. It is sometimes convenient to use isentropic expansion gas tables with the
appropriate gamma (e.g., 1.12) and the nozzle geometry to estimate what
pressure at corresponding expansion ratios are desired.

2. This run is made with aluminum included in the fuel composition.

Sten 2. Organization of ACE Exnansion Data

Based upon the nzzle geometry and the output form the ACE expansion identify the
velocity, edge pressure, temperature, etc., at several locations on the nozzle wall

Stev 3. ACE Edge Gas & Mollier Data

Construct MEIT gas thermochemistry and transport property tables (Mollier Tables ) using
the ACE program.

Notes: 1. Use temperature and pressure as determined in Step 2 for the ACe
calculations (closed system).

2. Eliminate A1203 from ACE runs for boundary layer gas analysis.

Steo 4. MElT Boundary Laver

Calculate transfer coefficients and recovery enthalpy for initial geometry and average

pressure°

Steo 5. ACE Surface Thermochemistrv

Construct surface thermochemistry using ACE. Requires edge gas, kpyrolysis gas and

char composition.

Notes: 1. Use corresponding temperature and pressure determined from Step 2 for
each location desired.

2. Eliminate A1203 from runs (open system).
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Steo 6. CMA Material Resnonse Calculation

Run CMA based upon transfer coefficients obtained from Step 4 and thermochemistry
based upon Step 5.

Notes: 1. Make the transfer coefficients a function of time based upon the pressure
trace.

2. Radiation is based upon local static temperamr from Step 2.

Steo 7. Erosion Effect on boundary Laver Analysis

Based upon the results of Step 6 (total erosion) determine if a boundary layer analysis is
required for the eroded geometry. Return to Step 4 and repeat for the f'mal geometry and
average pressure if requried.

Steo 8. Avera_,e the Transfer C_

Average the heat transfer coefficients for the initial and final geometry (normal to the
surface) and make time dependent based upon the pressure trace.

StfD 9 GASKET Surface Thermochemistrv

Run GASKET or ACE for surface thermochemistry input into ASTHMA.

Note: Generally Gasket is to be used with ASTHMA.

Steo 10. ASTHMA Material Resoonse Calculation

Run ASTHMA for the surface recession and indepth temperature maps to be used in a
thermo-structural analysis.
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TP-H-1148

Manufacnn'er: Thiokol Corporation, Wasatch Division, Brigham.City, Utah

Composition Type: AP/PBAN/A1
Std Sea Level Theoretical Isp: 2 568 N*s/kg (261.9 s)
Burn Rate at 6.9 MPa (1000 psia) and 298 K (77 F): 11 mm/s (0.43 in./s)

Pressure Exponent, n, in th Burn Rate Equation: 0.33
Density Measured at 298 K (77 F): 1.76 Mg/m 3 (0.0635 Ibm/in))
Chamber Flame Temperature at 6.9 Mpa (1000 psia): 3 428 K (5711 F)

Usage: Space Shuttle SRM

PROPELLANT COMPOSITION

Empirical Formula: Co.9406H3.717602.4396N0.6263A10.5930C10.5952Fe0.0009

Nominal

So_e Wt%

Ammonium perchlorate

PBAN binder and curing agent

Aluminum
Iron Oxide

Kerr McGee and 69.82

Pacific Engineering
American Synthetic 14o0
and Dow Chemical

Alcan and Alcoa 16.0
Charles Pf'_er 0.18

BALLISTIC PROPERTIES

r, mm/s = 5.807P 0"33 at 298 K from P = 1.4 to 11.7 MPa

(in./s = 0.04-424P °'33 at 77 F from P = 200 to 1700 psia)

Kn = 4 770P 0.67 at 298 K from P = 1.4 to 11.7 MPa

(= 170P 0-67 at 77 F from P = 200 to 1700 psia)

= o. 13 %/K (0.7 %/r:)

nK -- 0.20 %/I( (0.11%/1 =)

I%gs = 2 568 N-s/kg (261.9 s); standard sea level optimum expansion

I°s_ = 2 471 N.s/kg (252.0 s); expansion from P = 4_5 MPa (650 psia) to

Pamb = 0.085 MPa (12.4 psia), £ = 6.86, .c= 12.4 °

Isrxi = 2 378 N.s/kg (242.5 s); conditions as above, mp = 502 Mg (1.11 Mlbm), t24 s
action tmae

c* = 1 572 m/s (5156 ft/s); standard sea level optimum expansion
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TP-H-1148

o
m

x

d

6

5"

4°

2- C

16

12

1

AI-Iex -5 156 kJ/kg (-1232.2 cal/g)

Z_-If(29S) = -1 853 kJ/kg (-442.8 cal/g)

Exhaust products; expansion form 6.9 to 0.10 MPa; moles/lO0 grams
Comtx)nent Chamber _. _ Chamber ,F,_J._C.QIIIj_

CO2 0.0617 0.0851
CO 0.8789 0.8555

H20 0.5429 0.5221
H2 0.9779 1.0374
N2 0.3115 0.3126
HCf 0.5220 0.5860

A/z_)3 0.2829 0,2965(s)

Total Products 3.5153 3,4162

Frozen Equilibrium
Chamber F.aic.Caml_ F.za..Camp__

Pressure MPa 6.895 0.101 0.101

Pressure (psia) (1000) (14.70) (14.70)
Temperature K 3 430 1 799 2 154
Temperature (F) (5714) (2778) (3417)

Cp (total products) kJ/(kg. K) 3.428 1.849 1.913

Cp (gases) kJ/(kg° K) 2.000 1.832 1.901
Mean MW (total products) kg/kmol 28.447 28.447 29.272
Mean MW (gases) kg/kmol 20.245 20.245 20.424

Specific Heat Ratio, y 1.1392 1.188 l 1.1828
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TP-H-I148

MECHANICAL AND PHYSICAL PROPERTIES

Uniaxial Tensile Properties:

T. K (F) E, Mpa (psi) _rm MPa (psi) f,m.%

336 (145) 3.0 (4.40) 0.,#8 (69) 26
297 (75) 4.6 (660) 0.79 (115) 43
255 (0) 44.9 (6510) 2.72 (395) 34

_-b, MPa (psi)

32
44
40

ProperUant Density at 298 K (77 F): 1.76 Mg/m 3 (0.0635 lbrn/in. 3)
Thermal CoeffLinear Expandion: 9.49 x 10-5 m/(m-Kl

(5.27 x 10-5 in./(in. °F))

Thermal Conductivity: 0.381 W/(m-K) (0.220 Btu/(h-ft-F)

Heat Capacity, cp: 1.2 kJ/(kg.K) (0.29 Btu/(lbm-F))
Glass Transition Temperature: 206 K (-89 F)
Poisson's Ratio: ,,0.5 at low strains or under pressure
Additional mechanical property data available from manufacturer:.

SENSrHVrrY AND STABILITY

DOT-ICC Shipping Classification: Propellant Explosive (solid) Class B

Military Storage Hazard Classification: Class 1.3 (formerly Class 2)

No. 8 Blasting Cap Test: ignited and burned
Ignition and Unconfmed Buring Test: burned rapidly without explosion
Thermal Stability: stable beyond 48 h in 348 K (167 F) oven
Card Gap Test: no fire at zero cards
Impact Sensitivity: 11 cm for the ABL impact test
Autoignition Temperature: approximately 478 K (400 F)
Friction Sensitivity: 2.29 MPa (331.6 psi) at 2.4 m/s (8 ft/s ) in the ABL sliding friction

test

Spark Sensitivity: greater than 6.25 J for the ABL electrostatic discharge test

7-1-12



TP-H-1148

Manufacturing

Cost of Raw Mix-Ready Ingredients: about $1.68/kg ($0.76/lbm)
Sequence of Operations: prepare premix (HP polymer, ECA, aluminum, and iron oxide);

grind selected lots of oxidizer and blend with unground oxidizer, mix ingredients (premix
f'LrSt then add oxidizer); vacuum cast propellant within 8 hours of ECA addition at no less
than 322 K (120 F); cure propellant

Mixer Type: Baker Perkins, 2.3 m 3 (600 gal)
Mix Temperature: 336+ 6 K (145 + 10 F)
Mix Pressure: ambient

End-of-Mix Viscosity: 1 500 N.s/m 2 (15 kp); Brookfleld TD spindle, 1 rpm
Pot Life: 8 hours

Casting Method: vacuum
Cure Time: 96 + 4 hours

Cure Temperatrure: 330+ 6 K (135 +10 F)
Cure Atmosphere: ambient air

Approximate Total Production to Date: over 4.5 Gg (10 Mlbm)
Propellant Usage: Space Shuttle Solid Rocket Motors (SRM)

.

REFERENCES

CPIA/M2 Questionnaire from Thiokol Corporation, Wasatch Division,

Brigham City, Utah, completed by C. A. Saderhoim, 26 October 1979,
UNCLASSIFIED.
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SRM THERNOCHENICN. PROPERTIES

CHAMBERCONDITIONSe TP-HI148 PROPELLANT

Chamber Pressure, )sia

Property 665 880 915

Flame Temperature, "R

Characteristic Velocity, ft/sec

Sonic Velocity, ft/sec

Oenstty, lbm/ft 3

Enthalpy, 8TU/lbm

Molecular geight

Frozen Specific Heat, BTU/Ibm*R

Specific Heat Ratio

Weight Fraction Condensed

Viscosity, Ibm/see ft

Thermal Conductivity, BTU/sec ft*F

Prandtl Humber

6064

5152

3498

.2866

-790.0

28.04

.4735

1.138

.2877

6.189E-5

6.222E-5

.4777

6103

5159

3508

•3778

-7_.0

28. II

.4736

1.140

.2881

6.222E-5

6.249E-5

•4786

6 I08

5160

3509

•3926

-790.0

28. lZ

.4737

i. 140

•2882

6.222E-5

6.249E-5

.4787
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Figure A- 1. TP-H 1148 Propellant Enthalpy Data
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Figure A-2. TP-H1148 Exhaust Gas Density

7-1-17



Figure A-3. TP-H1148 Exhaust Gas Frozen Specific Heat Data
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Figure A-4. TP-H1148 Exhaust Gas (%/c_) Data
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Figure A-5. TP-H1148 Exhaust Gas Velocity Data
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Figure A-6. TP-H1148 Exhaust Gas Viscosity Data
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Figure A-7. TP-H1148 Exhaust Gas Thermal Conductivity Data
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SAMPLE ACE 1-D GAS EXPANSION INPUT FILE

2110200000 -442.8 44.9100

6

! HYDROGEN 1.008 3.7176

6 CARBON 12.011 0.9406

7 NITROGEN 14.007 0.6263

8 OXYGEN 16.000 2.4396

13 ALUMINUM 26.982 0.5930

17 CHLORINE 35.457 0.5952

W/ AL

1 13 0 0 0 0 0 0 0 0 0 0 0 0JANAF 12-31-65 AL

_9999+5 134609+5 496502+1 150657-5 131121+5 508439+2 500 30001 -0AL

779999+5 134609+5 312594+I 351550-3 711361+7 508439+2 3000 60001 -0AL

1 13 1 17 0 0 0 0 0 0 0 0 0 OJANAF 6-30-70 ALCL

-122999+5 244289+5 891805+I 120132-3-670614+5 750079+2 500 30001 -0ALCL

-122999+5 244289*5 570569+1 770196-3 112924+8 750079+2 3000 60001 -0ALCL

1 8 1 13 I 17 0 0 0 0 0 0 0 0JANAF 9-30-64 ALOCL

-831999+5 391989+5 148267+2 227137-4-340874+6 920439+2 500 30001 -0ALOCL

-831999+5 391989+5 149028+2 226154-6-418574+6 920439+2 3000 60001 -OALOCL

! 13 2 17 0 0 0 0 0 0 0 0 0 0JANAF 6-30-76 ALCL2

-669999+5 370869+5 138734+2 160949-4-159267+6 100374+3 500 30001 -0ALCL2

-669999+5 370869+5 125438+2 295986-3 425017+7 100374+3 3000 60001 -0ALCL2

i 13 3 17 0 0 0 0 0 0 0 0 0 0JANAF 6-30-70 ALCL3

-139699+6 528089÷5 198357+2 104018-4-287810+6 119441+3 500 30001 -0ALCL3

-139699+6 528089+5 198722+2-586807-7-333436+6 119441+3 3000 60001 -0ALCL3

1 1 1 13 0 0 0 0 0 0 0 0 0 0JANAF 6-30-63 ALH

619999+5 233869+5 848520+1 290683-3-344314+6 638289+2 500 30001 -OALH

619999+5 233869+5 893421+1 161058-3-885559+6 638289+2 3000 60001 -OALH

1 1 1 8 1 13 0 0 0 0 0 0 0 0JANAF 3-31-64 HALO

799999+4 367339+5 142307+2 194411-3-989569+6 803549+2 500 30001 -0HALO

799999+4 367339+5 148970+2 940074-6-176296+7 803549+2 3000 60001 -0HALO

1 1 1 8 1 13 0 0 0 0 0 0 0 0JANAF 12-31-67 ALOH

-429999+5 342169+5 124338*2 661096-3-945888+6 781239+2 500 30001 -OALOH

-429999+5 342169+5 148035+2 122056-4-475356+7 781239+2 3000 60001 -0ALOH

1 1 2 8 1 13 0 0 0 0 0 0 0 0JANAF 12-31-68 ALO2H

-i09999_6 480479+5 177228+2 577861-3-949069+6 989729+2 500 30001 -OALO2H

-109999+6 480479+5 197892+2 101311-4-421799+7 989729+2 3000 60001 -OALO2H

1 7 1 13 0 0 0 0 0 0 0 0 0 0JANAF 3-31-67 ALN

103999+6 238989+5 886620+1 112887-3-205779+6 703649+2 500 30001 -0ALN

103999+6 238989+5 894268+1 907595-4-296632+6 703649+2 3000 60001 -0ALN

1 8 1 13 0 0 0 0 0 0 0 0 0 0JANAF 6-30-75 ALO

163999+5 268389*5 879942+1 840987-3-381510+6 733019*2 500 30001 -OALO

163999+5 268389+5 103441+2 397942-4 734815+7 733019+2 3000 60001 -0ALO

2 8 1 13 0 0 0 0 0 0 0 0 0 0JANAF 12-31-75 ALO2

-448999+5 390949*5 147051+2 892775-4-359395+6 909680+2 500 30001 -0ALO2

-448999+5 390949+5 138529+2 309675-3 135904+7 909680+2 3000 60001 -OALO2

2 13 6 17 0 0 0 0 0 0 0 0 0 0JANAF 6-30-70 AL2CL6

-309639+6 116231+6 436560+2 178556-4-617932+6 211224+3 500 30001 -0AL2CL6

-309639+6 116231+6 437197+2-306876-6-700437+6 211224+3 3000 60001 -OAL2CL6

1 8 2 13 0 0 0 0 0 0 0 0 0 0JANAF 6-30-75 AL20

-311999+5 392859*5 148018+2 296756-4-305033+6 941839*2 500 30001 -0AL20

-311999+5 392859+5 149023+2 202488-6-413765+6 941839+2 3000 60001 -0AL20

2 8 2 13 0 0 0 0 0 0 0 0 0 0JANAF 12-31-75 AL202

-103999+6 520269+5 197602+2 326500-4-532649+6 109054+3 500 30001 -0AL202

-103999+6 520269+5 198679+2 507231-6-634362+6 109054+3 3000 60001 -0AL202

1 6 0 0 0 0 0 0 0 0 0 0 0 0JANAF 3-31-78 C

171290+6 135490+5 475422+1 136154-3 477661+5 492859+2 500. 3000.1 0.C

171290+6 135490+5 526471+1 591146-4-246649+7 492859+2 3000. 6000.1 O.C

1 6 1 13 0 0 0 0 0 0 0 0 0 0JANAF 6-30-63 ALC

164799*6 241579+5 890488+1 118746-3-154083*6 734939+2 500 30001 -0ALC

164799+6 241579+5 894309+1 107540-3-195424+6 734939+2 3000 60001 -0ALC

1 6 1 17 0 0 0 0 0 0 0 0 0 0JANAF 12-31-69 CCL
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119999+6 240369+5 886319+i 123479-3-167740+6 736239+2 500 30001 -OCCL

119999+6 240369+5 799088+1 305875-3 275835+7 736239+2 3000 60001 -0CCL

1 6 1 7 I 17 0 0 0 0 0 0 0 0JANAF 6-30-66 CLCN

329699+5 386679+5 139310+2 546534-3-563894+6 876289+2 500 30001 -0CLCN

329699+5 386679+5 148789+2 275279-3-177143+7 876289+2 3000 60001 -0CLCN

1 6 1 8 1 17 0 0 0 0 0 0 0 0JANAF 12-31-65 COCL

-149999+5 355119+5 132788+2 179746-3-468979+6 926619+2 500 30001 -0COCL

-149999+5 355119+5 139033+2 904403-6-126068+7 926619+2 3000 60001 -0COCL

1 6 2 17 0 0 0 0 0 0 0 0 0 0JANAF 12-31-68 CCL2

569999+5 400499+5 157165+2-576849-4-967723+6 956129+2 500 30001 -0CCL2

569999+5 400499+5 146617+2-637118-4 868863+7 956129+2 3000 60001 -OCCL2

1 6 1 8 2 17 0 0 0 0 0 0 0 0JANAF 6-30-61 COCL2

-525999+5 505949+5 192076+2 189961-3-814729+6 108898+3 500 30001 -OCOCL2

-525999+5 505949+5 198672+2 576139-6-163797+7 108898+3 3000 60001 -OCOCL2

1 6 3 17 0 0 0 0 0 0 0 0 0 OJANAF 6-30-70 CCL3

189999+5 519119+5 197241+2 431230-4-562656+6 113773+3 500 30001 -0CCL3

189999+5 519119+5 198686+2 417960-6-710006+6 113773+3 3000 60001 -OCCL3

1 6 4 17 0 0 0 0 0 0 0 0 0 0JANAF 12-31-68 CCL4

-229399+5 677009+5 257013+2 384994-4-673995+6 130035+3 500 30001 -0CCL4

-229399+5 677009+5 258333+2-576306-7-820719+6 130035+3 3000 60001 -OCCL4

1 1 1 6 0 0 0 0 0 0 0 0 0 0JANAF 12-31-67 CH

141999+6 234649+5 770879+1 742295-3-366107+6 622730+2 500 30001 -0CH

141999+6 234649+5 957141+1 114436-3-177529+6 622730+2 3000 60001 -0CH

1 1 1 6 1 17 0 0 0 0 0 0 0 0JANAF 12-31-69 CHCL

800000÷5 371449+5 154230+2-202582-3-153304+7 850309+2 500 30001 -OCHCL

800000+5 371449+5 142262÷2-204166-5 382389+7 850309+2 3000 60001 -0CHCL

1 1 1 6 3 17 0 0 0 0 0 0 0 0JANAF 12-31-68 CHCL3

-246599+5 634159+5 238042+2 557900-3-131324+7 121121+3 500 30001 -OCHCL3

-246599+5 634159+5 257796÷2 655418-5-420591+7 121121+3 3000 60001 -0CHCL3

1 1 1 6 1 7 0 0 0 0 0 0 0 OJANAF 12-31-69 HCN

322999+5 348819+5 122242+2 827499-3-780380+6 754299+2 500 30001 -OHCN

322999+5 348819+5 153475+2 916422-6-657290+7 754299+2 3000 60001 -OHCN

1 1 1 6 1 7 1 8 0 0 0 0 0 0JANAF 12-31-70 HNCO

-243000+5 462169+5 167336+2 849015-3-114054+7 929410+2 500 30001 -OHNCO

-243000+5 462169+5 197621+2 134322-4-583626+7 929410+2 3000 60001 -OHNCO

1 1 1 6 1 8 0 0 0 0 0 0 0 OJANAF 12-31-70 HCO

103999+5 329069+5 119701+2 588660-3-865359+6 793569+2 500 30001 -0HCO

103999+5 329069+5 137513+2 988685-4-367160+7 793569+2 3000 60001 -OHCO

2 1 1 6 0 0 0 0 0 0 0 0 0 0JANAF 12-31-72 CH2

923499+5 322429+5 111580+2 865376-3-793202+6 713430+2 500 30001 -0CH2

923499+5 322429+5 143325+2 261296-5-606953+7 713430+2 3000 60001 -0CH2

2 1 1 6 2 17 0 0 0 0 0 0 0 0JANAF 12-31-68 CH2CL2

-228299+5 594999+5 219342+2 107013-2-183302+7 110159+3 500 30001 -OCH2CL2

-228299+5 594999+5 257256+2 132132-4-741819+7 110159+3 3000 60001 -OCH2CL2

2 1 1 6 1 8 0 0 0 0 0 0 0 0JANAF 3-31-61 CH20

-276999+5 437909+5 159035+2 110254-2-172990+7 848879+2 500 30001 -0CH20

-276999+5 437909+5 197832+2 110168-4-717564÷7 848879+2 3000 60001 -0CH20

3 1 1 6 0 0 0 0 0 0 0 0 0 0JANAF 6-30-69 CH3

348199+5 426489+5 144785+2 146135-2-131973+7 785059+2 500 30001 -OCH3

348199+5 426489+5 196808+2 242331-4-933770+7 785059+2 3000 60001 -0CH3

3 1 1 6 1 17 0 0 0 0 0 0 0 0JANAF 6-30-72 CH3CL

-199999+5 560019+5 200818+2 157608-2-220583+7 973909+2 500 30001 -0CH3CL

-199999+5 560019+5 256680+2 203427-4-104769+8 973909+2 3000 60001 -OCH3CL

3 1 1 6 1 7 1 8 0 0 0 0 0 0NIEMCZYK 7-77 HCONH2

-444999+5 105684+6 600508+1 201496-1-109761+6 131424+3 300. 600.1 -0.HCONH2

-444999+5 766186+5 165892+2 790081-2-127429+7 117508+3 600. i000.I -0.HCONH2

4 1 1 6 0 0 0 0 0 0 0 0 0 0JANAF 3-31-61 CH4

-178949+5 530789+5 183426+2 205381-2-243980+7 825970+2 500 30001 -0CH4

-178949+5 530789+5 256285+2 252135-4-132409+8 825970+2 3000 60001 -OCH4

4 1 1 6 1 8 0 0 0 0 0 0 0 0NIEMCZYK 7-77 CH3OH

-480999+5 941808+5 513323+1 180190-I 193049+5 121536+3 I00. 500.1 -0.CH3OH

-480999+5 759224+5 118369+2 102852-1-689898+6 112834+3 500. i000.I -0.CH3OH

1 6 1 7 0 0 0 0 0 0 0 0 0 0JANAF 6-30-69 CN

103999+6 232479+5 706816+1 994584-3-107243+6 669759+2 500 30001 -0CN
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103999+6 232479+5 126220+2-176667-3-184680+8 669759+2 3000 60001 -OCN

1 6 1 7 1 8 0 0 0 0 0 0 0 OJANAF 12-31-70 NCO

380999+5 369719+5 140152+2 254634-3-802338+6 850019+2 500 30001 -ONCO

380999+5 369719+5 143527+2 110941-3 401765+5 850019+2 3000 60001 -ONCO

1 6 2 7 0 0 0 0 0 0 0 0 0 OJANAF 6-30-66 CNN

139699+6 363729+5 132941+2 442563-3-628614+6 845750+2 500 30001 -0CNN

139699+6 363729+5 148648+2 471251-5-294282+7 845750+2 3000 60001 -0CNN

1 6 2 7 0 0 0 0 0 0 0 0 0 0JANAF 12-31-70 NCN

112999+6 376839+5 143922+2 147751-3-715342+6 844280+2 500 30001 -0NCN

112999+6 376839+5 143685+2 102651-3 715086+6 844280+2 3000 60001 -0NCN

1 6 1 8 0 0 0 0 0 0 0 0 0 OJANAF 9-30-65 CO

-264169+5 223569+5 808732+i 281527-3-332124+6 653699+2 500 30001 -0CO

-264169+5 223569+5 885923+I 582009-4-124951+7 653699+2 3000 60001 -0CO

1 6 2 8 0 0 0 0 0 0 0 0 0 0JANAF 9-30-65 C02

-940539+5 365349+5 135296+2 479823-3-865470+6 798480+2 500 30001 -0CO2

-940539+5 365349+5 144884+2 176547-3-130622+7 798480+2 3000 60001 -0CO2

2 6 0 0 0 0 0 0 0 0 0 0 0 OJANAF 12-31-69 C2

200223+6 246779+5 789088+i 633093-3 133501+6 685590+2 500 30001 -0C2

200223+6 246779+5 843360+1 447514-3 259636+6 685590+2 3000 60001 -0C2

5 1 2 6 1 17 0 0 0 0 0 0 0 0NIEMCZYK 7-77 C2H5CL

-266799+5 128967+6 116530+2 220735-1-290565+6 156283+3 300. 600.1 -0.C2HSCL

-266799+5 126578+6 683101+i 237771-I 107736+7 154435+3 600. I000.I -0.C2H5CL

2 6 2 17 0 0 0 0 0 0 0 0 0 0JANAF 12-31-68 C2CL2

500999+5 532019+5 199014+2 271742-3-698873+6 108544+3 500 30001 -0C2CL2

500999+5 532019+5 208490+2 203938-5-194539+7 108544+3 3000 60001 -0C2CL2

2 6 4 17 0 0 0 0 0 0 0 0 0 0JANAF 9-30-67 C2CL4

-297000+4 818459+5 311781+2 178046-3-118192+7 148902+3 500 30001 -0C2CL4

-297000+4 818459+5 317124+2 148875-4-158505+7 148902+3 3000 60001 -0C2CL4

2 6 6 17 0 0 0 0 0 0 0 0 0 OJANAF 9-30-67 C2CL6

-320799+5 114604+6 443638+2-298302-3-142167+7 189725+3 500 30001 -0C2CL6

-320799+5 114604+6 432178+2-581721-4 240940+7 189725+3 3000 60001 -0C2CL6

1 1 2 6 0 0 0 0 0 0 0 0 0 0JANAF 3-31-67 C2H

113999+6 35602945 116307+2 125237-2-574681+6 773270+2 500 30001 -OC2H

113999+6 356029+5 181256+2-233191-3-189183+8 773270+2 3000 60001 -OC2H

1 1 2 6 1 17 0 0 0 0 0 0 0 OJANAF 12-31-68 C2HCL

510999+5 501439+5 182285+2 715469-3-936029+6 977529+2 500 30001 -OC2HCL

510999+5 501439+5 207770+2 108663-4-484796+7 977529+2 3000 60001 -OC2HCL

2 1 2 6 0 0 0 0 0 0 0 0 0 OJANAF 3-31-61 C2H2

541900+5 482569+5 163735+2 152555-2-117225+7 849689+2 500 30001 -0C2H2

541900+5 482569+5 206959+2 341577-3-810609+7 849689+2 3000 60001 -0C2H2

3 1 2 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C2H3

659250+5 562430+5 230065+2 691322-3-499095+7 965150+2 500. 3000.1 O.C2H3

659250+5 562430+5 239033+2 331771-3-335425+7 965150+2 3000. 5000.I 0.C2H3

4 1 2 6 0 0 0 0 0 0 0 0 0 0JANAF 9-30-65 C2H4

125399+5 674339+5 240524+2 211827-2-291835+7 101424+3 500 30001 -0C2H4

125399+5 674339+5 315712+2 276043-4-141400+8 i01424+3 3000 60001 -0C2H4

4 1 2 6 1 8 0 0 0 0 0 0 0 0JANAF 9-30-65 C2H40

-125799+5 813209+5 297487+2 219803-2-361636+7 117209+3 500 30001 -0C2H40

-125799+5 813209+5 375345+2 274370-4-150829+8 117209+3 3000 60001 -0C2H40

6 1 2 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C2H6

-203200+5 892710+5 484236+2-169721-2-193680+8 119447+3 500. 3000,1 0.C2H6

-203200+5 892710+5 393119+2 764877-3-383891+7 119447+3 3000. 5000.1 0.C2H6

2 6 1 7 0 0 0 0 0 0 0 0 0 0JANAF 3-31-67 C2N

133000+6 384599+5 146553+2 722952-4-542127+6 866270+2 500 30001 -0C2N

133000+6 384599+5 145950+2 590928-4 356595+6 866270+2 3000 60001 -0C2N

2 6 2 7 0 0 0 0 0 0 0 0 0 OJANAF 3-31-61 C2N2

738699+5 511069+5 189679+2 533418-3-102762+7 985480+2 500 30001 -0C2N2

738699+5 511069÷5 208302+2 453329-5-350879+7 985480+2 3000 60001 -0C2N2

2 6 1 8 0 0 0 0 0 0 0 0 0 0JANAF 9-30-66 C20

684999+5 386079+5 142061+2 468192-3-780511+6 864460+2 500 30001 -0C20

684999+5 386079+5 162297+2-141246-3-253785+7 864460+2 3000 60001 -0C2O

3 6 0 0 0 0 0 0 0 0 0 0 0 0JANAF 12-31-69 C3

195999+6 309579+5 106821+2 752283-3-557983+6 812359+2 500 30001 -0C3

195999+6 309579+5 129505+2 166809-3-516560+7 812359+2 3000 60001 -0C3
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3 1 3 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C3H3

764850+5 709520+5 286929+2 766031-3-548098+7 113604+3 500. 3000.1 0.C3H3

764850+5 709520+5 291672+2 456238-3-138601+7 113604+3 3000. 5000.1 0.C3H3

4 1 3 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C3H4

442940+5 822470+5 372219+2-528861-4-101994+8 120293*3 500. 3000.1 0.C3H4

442940+5 822470+5 344271+2 578173-3-208515+7 120293+3 3000. 5000.1 0.C3H4

5 1 3 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C3H5

324310+5 946210+5 397325+2 958555-3-904683+7 141759+3 500. 3000.1 0.C3H5

324310+5 946210+5 395073+2 733720-3-949766+6 141759+3 3000. 5000.1 0.C3H5

3 6 2 8 0 0 0 0 0 0 0 0 0 OJANAF 6-30-68 C302

-223799+5 652989+5 245259+2 649593-3-154570+7 117605+3 500 30001 -0C302

-223799+5 652989+5 267877+2 486955-5-449409+7 117605+3 3000 60001 -0C302

4 6 0 0 0 0 0 0 0 0 0 0 0 0JANAF 12-31-69 C4

231999+6 510959+5 194181+2 411017-3-125264+7 948939+2 500 30001 -0C4

231999+6 510959+5 208450+2 244726-5-306350+7 948939+2 3000 60001 -0C4

4 1 4 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C4H4

737050+5 971240+5 398132+2 961427-3-792442+7 139440+3 500. 3000.1 0.C4H4

737050+5 971240+5 395899+2 720956-3 577880+6 139440+3 3000. 5000.1 0.C4H4

4 6 2 7 0 0 0 0 0 0 0 0 0 OJANAF 3-31-61 C4N2

127499+6 801239+5 298953+2 814914-3-172887+7 133063+3 500 30001 -0C4N2

127499+6 801239+5 327398+2 621049-5-549402+7 133063+3 3000 60001 -0C4N2

5 6 0 0 0 0 0 0 0 0 0 0 0 0JANAF 12-31-69 C5

233999+6 653359+5 248817+2 551901-3-169578+7 109128+3 500 30001 -0C5

233999+6 653359+5 267963+2 382130-5-412893+7 109128+3 3000 60001 -0C5

6 6 0 0 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C6

291342+6 772700+5 303965+2 607305-3-475660+7 128958+3 500. 3000.1 0.C6

291342+6 772700+5 308488+2 643430-4 583350+7 128958+3 3000. 5000.1 0.C6

6 1 6 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C6H6

197700+5 147317+6 626122+2 117808-2-139277+8 172317+3 500. 3000.1 0.C6H6

197700+5 147317+6 595572+2 140760-2 737034+7 172317+3 3000. 5000.1 0.C6H6

12 1 6 6 0 0 0 0 0 0 0 0 0 0NIEMCZYK 7-77 C6H12

-294299+5 304348+6 244600+2 544248-1-142754+7 276241+3 300. 900.1 -0.C6H12

-294299+5 229289+6 793859+2 102638-1-137241+8 242725+3 900. 1500.1 -0.C6H12

7 6 0 0 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C7

292116+6 909770+5 359795+2 669838-3-579638+7 140555+3 500. 3000_1 0.C7

292116+6 909770+5 355785+2 210202-3 102222+8 140555+3 3000. 5000,1 0.C7

8 6 0 0 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C8

344891+6 104684+6 415594+2 733634-3-683462+7 159275+3 500. 3000.1 0,C8

344891+6 104684+6 402894+2 359448-3 146984+8 159275+3 3000. 5000.1 0.C8

9 6 0 0 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C9

340665+6 118391+6 471410+2 796582-3-787328+7 170872+3 500. 3000.1 0.C9

340665+6 118391+6 450207+2 505033-3 190813+8 170872+3 3000. 5000.I 0.C9

I0 6 0 0 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 CI0

400439+6 132098+6 527202_2 860613-3-891076+7 189592+3 500. 3000.1 0,CI0

400439+6 132098+6 497439+2 651908-3 235109+8 189592+3 3000. 5000.1 0.CI0

i 17 0 0 0 0 0 0 0 0 0 0 0 0JANAF 6-30-72 CL

289889+5 140269+5 530429+1-924606-4 637685+5 516209+2 500 30001 -OCL

289889+5 140269+5 498026+1-147681-5 523459+6 516209+2 3000 60001 -OCL

1 1 1 17 0 0 0 0 0 0 0 0 0 OJANAF 9-30-64 HCL

-220629+5 218639+5 744720+1 493509-3-231569+6 623639+2 500 30001 -OHCL

-220629+5 218639+5 889039÷1 943852-4-244394+7 623639+2 3000 60001 -OHCL

1 1 1 8 1 17 0 0 0 0 0 0 0 0JANAF 3-31-79 HOCL

-177999+5 329780+5 117344+2 582055-3-545546+6 828349+2 500. 3000.1 O,HOCL

-177999+5 329780+5 116669+2 471095-3 305761+7 828349+2 3000. 6000,1 0.HOCL

1 7 1 8 1 17 0 0 0 0 0 0 0 OJANAF 12-31-72 ONCL

123599+5 365019+5 132030+2 452651-3-468241+6 921649+2 500 30001 -OONCL

123599+5 365019+5 130960+2 437995-3 890661+6 921649+2 3000 60001 -0ONCL

1 7 2 8 1 17 0 0 0 0 0 0 0 0JANAF 12-31-65 NO2CL

290000+4 499319+5 191088+2 219635-3-102365+7 105069+3 500 30001 -ONO2CL

290000+4 499319+5 198643+2 102522-5-192072+7 105069+3 3000 60001 -0NO2CL

1 8 1 17 0 0 0 0 0 0 0 0 0 0JANAF 6-30-61 CLO

241919+5 240569+5 888299+i 127572-3-186430+6 740939+2 500 30001 -0CLO

241919+5 240569+5 894372+I 110077-3-260571+6 740939+2 3000 60001 -0CLO

2 8 1 17 0 0 0 0 0 0 0 0 0 0JANAF 3-31-61 CLO2



249999+5365779+5136739+2243289-3-538722+6911339+2500 30001 -OCLO2

249999+5 365779+5 139074+2 174783-3-790582+6 911339+2 3000 60001 -0CLO2

2 17 0 0 0 0 0 0 0 0 0 0 0 0JANAF 9-30-65 CL2

0+0 244289+5 880569+1 191785-3-634324+5 737600+2 500 30001 -0CL2

0+0 244289+5 101178+2-223156-4-609210+7 737600+2 3000 60001 -0CL2

1 8 2 17 0 0 0 0 0 0 0 0 0 0JANAF 12-31-65 CL20

209999+5 367229÷5 138639+2 136768-4-279167+6 946350+2 500 30001 -0CL20

209999+5 367229+5 139100+2 119070-6-327987+6 946350+2 3000 60001 -OCL20

1 1 0 0 0 0 0 0 0 0 0 0 0 OJANAF 3-31-77 H

521029+5 134229+5 496799+i 000000-0 215212-6 388619+2 500. 3000.1 -0.H

521029+5 134229+5 496800+I 000000-0-623513-4 388619+2 3000. 6000_I -O.H

1 1 1 7 0 0 0 0 0 0 0 0 0 0JANAF 6-30-77 NH

899999+5 218099+5 710740+i 649693-3-157354+6 609410+2 500. 3000.1 -O.NH

899999+5 218099+5 801875+1 389867-3-134422+7 609410+2 3000. 6000.1 -0.NH

1 1 1 7 1 8 0 0 0 0 0 0 0 OJANAF 3-31-63 HNO

237999+5 327549+5 119695+2 537664-3-833211+6 783850+2 500 30001 -0HNO

237999+5 327549+5 138663+2 539053-5-353278+7 783850+2 3000 60001 -0HNO

1 1 1 7 2 8 0 0 0 0 0 0 0 0JANAF 6-30-63 HNO2-C

-183399+5 468799+5 172689+2 705138-3-117299+7 962309+2 500 30001 -OHNO2-C

-183399+5 468799+5 197808+2 112259-4-504517+7 962309+2 3000 60001 -0HNO2-C

1 1 1 7 2 8 0 0 0 0 0 0 0 0JANAF 6-30-63 HNO2-T

-188399+5 468839+5 171983+2 719003-3-111924+7 962879+2 500 30001 -0HNO2-T

-188399+5 468839+5 197715+2 123472-4-519862+7 962879+2 3000 60001 -0HNO2-T

1 1 1 7 3 8 0 0 0 0 0 0 0 OJANAF 6-30-63 HN03

-320999+5 609120+5 228189+2 819328-3-172706+7 110850+3 500 30001 -0HN03

-320999+5 609120+5 257308+2 126918-4-615563+7 110850+3 3000 60001 -OHN03

1 1 ! 8 0 0 0 0 0 0 0 0 0 OJANAF 6-30-77 OH

931799+4 214109+5 696302+I 609272-3-975550+5 613559+2 500. 3000.1 -O.OH

931799+4 214109+5 870957+1 131643-3-292055+7 613559+2 3000. 6000.1 -0.OH

1 1 2 8 0 0 0 0 0 0 0 0 0 0JANAF 9-30-78 HO2

499999+3 332089+5 111852+2 100452-2-628452+6 806270+2 500. 3000.1 0.HO2

499999+3 332089+5 158114+2-166227-3-106542+8 806270+2 3000. 6000.1 0.HO2

2 1 0 0 0 0 0 0 0 0 0 0 0 0JANAF 3-31-77 H2

0+0 212089+5 656932+1 765400-3-137470+5 484659+2 500. 3000.I -0,H2

0+0 212089+5 852591+1 278277-3-447076+7 484659+2 3000. 6000.1 -0.H2

2 1 1 7 0 0 0 0 0 0 0 0 0 OJANAF 6-30-77 NH2

454999+5 310579+5 942154+1 151248-2-521958+6 703739+2 500. 3000.1 -0.NH2

454999+5 310579+5 164993+2-893848-4-209720+8 703739+2 3000. 6000.1 -0.NH2

2 1 2 7 0 0 0 0 0 0 0 0 0 OJANAF 12-31-65 N2H2-C

508999+5 437709+5 156544+2 115193-2-154117+7 851030+2 500 30001 -ON2H2-C

508999+5 437709+5 197427+2 159829-4-766544+7 851030+2 3000 60001 -ON2H2-C

2 1 1 8 0 0 0 0 0 0 0 0 0 0JANAF 3-31-79 H20

-577949+5 302459+5 941022+i 132433-2-533194+6 684499+2 500. 3000.1 0.H20

-577949+5 302459+5 136958+2 163815-3-776958+7 684499+2 3000. 6000.1 0.H2©

2 1 2 8 0 0 0 0 0 0 0 0 0 0JANAF 12-31-60 H202

-325299+5 447445+5 130278+2 241074-2-418563+6 901209+2 500 i0001 -0H202

-325299+5 439035+5 140867+2 173487-2-801634+6 897623+2 i000 15001 -0H202

3 1 1 7 0 0 0 0 0 0 0 0 0 0JANAF 6-30-77 NH3

-109699+5 418099+5 136323+2 179182-2-134839+7 770309+2 500. 3000.1 -0.NH3

-109699+5 418099+5 215225+2-306997-3-156923+8 770309+2 3000. 6000.1 -0.NH3

4 1 2 7 0 0 0 0 0 0 0 0 0 0JANAF 12-31-65 N2H4

227899+5 685359+5 239980+2 209617-2-234477+7 108099+3 500 30001 -0N2H4

227899+5 685359+5 315062+2 355560-4-142821+8 108099+3 3000 60001 -0N2H4

1 7 0 0 0 0 0 0 0 0 0 0 0 OJANAF 3-31-77 N

112974+6 134359+5 491196+I 321849-4 133006+5 480879+2 500. 3000.1 -0.N

112974+6 134359+5 243846+1 573752-3 765247+7 480879+2 3000. 6000.1 -O.N

1 7 1 8 0 0 0 0 0 0 0 0 0 0JANAF 6-30-63 NO

215799+5 226999+5 831209+I 226615-3-332452+6 688489+2 500 30001 -0NO

215799+5 226999+5 893529+1 483657-4-112855+7 688489+2 3000 60001 -0NO

1 7 2 8 0 0 0 0 0 0 0 0 0 0JANAF 9-30-64 NO2

790999+4 344819+5 131600+2 215749-3-804084+6 847950+2 500 30001 -ONO2

790999+4 344819+5 139044÷2 720659-6-169730+7 847950+2 3000 60001 -ONO2

1 7 3 8 0 0 0 0 0 0 0 0 0 0JANAF 12-31-64 NO3

169999+5 498219+5 193826+2 142374-3-117716+7 998969+2 500 30001 -ONO3
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169999+5 498219+5 198667+2 790840-6-171138+7 998969+2 3000 60001 -ONO3

2 7 0 0 0 0 0 0 0 0 0 0 0 0JANAF 3-31-77 N2

0+0 221589+5 793169+i 317727-3-313901+6 637620+2 500. 3000.1 -0.N2

0+0 221589+5 880163+1 623791-4-124893+7 637620+2 3000. 6000.1 -0.N2

2 7 1 8 0 0 0 0 0 0 0 0 0 0JANAF 12-31-64 N20

196099+5 365529+5 137618+2 322928-3-824997+6 815909+2 500 30001 -0N20

196099+5 365529+5 148858+2 232427-5-228472+7 815909+2 3000 60001 -ON20

2 7 3 8 0 0 0 0 0 0 0 0 0 0JANAF 12-31-64 N203

197999+5 617799+5 235432+2 371736-3-136278+7 123217+3 500 30001 -0N203

197999+5 617799+5 248231+2 225890-5-290644+7 123217+3 3000 60001 -0N203

2 7 4 8 0 0 0 0 0 0 0 0 0 0JANAF 9-30-64 N204

217000+4 785969+5 301967+2 459079-3-194385+7 134908+3 500 30001 -0N204

217000+4 785969+5 317812+2 182738-5-385850+7 134908+3 3000 60001 -0N204

2 7 5 8 0 0 0 0 0 0 0 0 0 0JANAF 12-31-64 N205

270000+4 915759+5 354580+2 984211-4-169439+7 156719+3 500 30001 -0N205

270000+4 915759+5 357466+2 434273-5-175219+7 156719+3 3000 60001 -0N205

3 7 0 0 0 0 0 0 0 0 0 0 0 0JANAF 12-31-70 N3

989999+5 372289+5 141561+2 213893-3-772606+6 839369+2 500 30001 -0N3

989999+5 372289+5 148546+2 868710-5-151836+7 839369+2 3000 60001 -ON3

1 8 0 0 0 0 0 0 0 0 0 0 0 0JANAF 3-31-77 O

595539+5 135219+5 493024+I 231946-4 375391+5 500939+2 500. 3000.1 -0.O

595539+5 135219+5 449699+1 134471-3 932305+6 500939+2 3000. 6000.1 -0.O

2 8 0 0 0 0 0 0 0 0 0 0 0 0JANAF 3-31-77 02

0+0 234259+5 810351+1 483940-3-246067+6 679629+2 500. 3000,i -0.02

0+0 234259+5 863472+I 323581-3-697247+6 679629+2 3000. 6000_i -0,O2

3 8 0 0 0 0 0 0 0 0 0 0 0 OJANAF 6-30-61 03

340999+5 360229+5 136204÷2 210206-3-639270+6 860920+2 500 30001 -003

340999+5 3602_9+5 139082+2 126252-3-963381+6 860920+2 3000 60001 -003

1 13 0 0 0 0 0 0 0 0 0 0 0 0JANAF 12-65,6-67 AL"

0+0 328986+5 226022+1 582042-2 325937+6 291707+2 500 9332 3AL"

207199+4 205019+5 758800+1 000000-0-114790-5 259392+2 933 40003 3AL"

1 8 1 13 1 17 0 0 0 0 0 0 0 0JANAF 3-31-64 ALOCL _

-189599+6 516427+5 195055+2 252188-3-799723+6 548784+2 500 20002 2ALOCL*

-189599+6 514849+5 203903+2-135854-3-123444+7 548189+2 2000 30002 2ALOCL"

1 13 3 17 0 0 0 0 0 0 0 0 0 OJANAF 6-30-70 ALCL3 _

-161279+6 810549+5 300000+2 000000-0-198883-5 110588+3 500 10003 IALCL3"

-161279+6 810549+5 299999+2 000000-0 000000-0 110588+3 i000 15003 IALCL3"

1 7 1 13 0 0 0 0 0 0 0 0 0 OJANAF 12-31-62 ALN"

-759999+5 312367+5 123246+2-477947-4-656239+6 298893+2 500 20002 3ALN*

-759999+5 313049+5 120838+2 794501-4-711146+6 299151+2 2000 30002 3ALN"

3 8 2 13 0 0 0 0 0 0 0 0 0 0JANAF 6-30-75 AL203-A"

-400499+6 836569+5 295380+2 168122-2-129559+7 783546+2 500 23272 4AL203-A"

-383709+6 101606+6 459999+2 000000-0 222822-3 928618+2 2327 40003 4AL203-A"

1 6 0 0 0 0 0 0 0 0 0 0 0 OJANAF 3-31-78 C*

0+0 146819+5 543947+1 327572-3-559711+6 122500+2 500. 3000.2 2.C*

0+0 146819+5 573808+1 240660-3-900570+6 122500+2 3000. 6000.2 2,C*

3 6 4 13 0 0 0 0 0 0 0 0 0 0JANAF 9-30-65 AL4C3*

-515499+5 117084+6 419538+2 194794-2-177515+7 114569+3 500 20002 2AL4C3"

-515499+5 116630+6 453636+2 584043-3-450314+7 114398+3 2000 30002 2AL4C3"

4 1 1 7 1 17 0 0 0 0 0 0 0 0JANAF 9-30-65 NH4CL*

-751799+5 137240+6 108872+2 239866-i-323895+6 115499+3 500 10002 2NH4CL"

-751799+5 113514+6 315512+2 860337-2-560462+7 105087+3 i000 15002 2NH4CL"

4 1 1 7 4 8 1 17 0 0 0 0 0 0JANAF 12-31-62 NH4CLO4"

-706899+5 257447+6 253393+2 427791-1-153853+7 216098+3 500 10002 2NH4CLO4 =

-706899+5 226287+6 753266+2 134361-1-221828+8 203154+3 i000 15002 2NH4CLO4*

3000100000 -i.0000

3000100000 42.5000

3000100000 42.4000

3000100000 42.3000

3000100000 42.2000

3000100000 42.1000

3000100000 42.0000

3000100000 41,5000
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3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

3000100000

8

41 0000

40 5000

40 0000

39 5000

39 0000

38 5000

38 0000

37 5000

37 0000

36 5000

36 0000

35 0000

34 0000

33 0000

32 0000

31 0000

30 0000

29 0000

28 0000

27 0000

26 0000

25 0000

2O 0000

15 0000

i0.0000

5 00000

4 00000

3 00000

2 00000

1 75OOO

1 50000

1.25000

1.00000

0.95000

0.90000

0.85000

0.80000

0.60000
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SAMPLE ACE 1-D GAS EXPANSION OUTPUT FILE

(Only Chamber and Throat Solutions Included)

1 AEROTMERM CHEMICAL EQUILIBRIUM JOB N/ AL

0RELATIVE ELER_NTAL _OSITIOW5. ATQNIC WTS/UNIT MA._S

HAT. NO. ELEMENT

i HYDROGEN 1.00|00 0.0371926
6 CARBON 12.01100 0.@094102

7 NITROGEN 14.00700 0.006265@

@ OXYG_EN 16.00000 0.0244069

13 ALUM2_ 26.9@200 0.0059326

17 CHLORINE 35.45700 0.0059547

2110200000

ATQMIC MT CQMPOWENT 1 CC_MPONENT 2 COMPOk'EHT 3

0,0000000 O.O000000

0.0000000 0.0000000

0.0000000 0.0000000

0.0000000 0,0000000

0.0000000 0.0000000

0,0000000 0.0000000

ELEMENT HTDRCGEN CARBON NI T_OGEN OXYGEN ALUMI W_M CHLORINE

BLA_E SP ALJI C ALN ALOCL AL ALCL

AEROTMEFEM CHEMICAL EQUILIBRIUM (ACE) SOLUTION ll/ AL

CP-FROZEN CP-F._UZL DLNM/DLNT DLNN/DLMP GAJCMA
0.46994E+00 0.|6993E÷O0-0.30603E÷00 0.17224E-01 0.1136|E+Q1

PROPERTY ROUTIME OUTPUT IN LB-PU_S,rT, SgC, WrUoAXD DEG-R
TEMP VZSC CORD DBAR PR SC

0.61144E+04 0.56501g-04 0.&4002g-04 0.29713E-03 0.41457E÷00 0.711GIE÷00

MUI MU2 MOL.RT HTIL CPTIL HTIL"

0.T0101E+00 0.2093|E+02 0.2|325[_02 0.50054[÷04 0.|0339E+00 0.1%2|9[+04

ELEMENTAL K AND Z M_.SS FRACTIONS BY ATQMIC NU_ER .... (G_ - 0.&67)

1 6 7 @ 13 17

0.37490[-01 0.I1503E+00 0.|7765[-01 0.3%051E+00 0.16007[+00 0.21113E+00

0.92962E-01 0.15305E+00 0.11991E+00 0.36396[*J0 0.|0757E-02 0.26203[+00

ITERATIONS - 43 TIME - 0.000 SEC.

RELATIVE NIA3SES CLe COMPONENTS 1,2 AND 3. O.10000E+01 0.0O000E+00 O.O0OOO[+00
PtA_S CONDZNSED/P_%-_S GAS - 0.40367E+00

TE_E p - 6114.3%77 DEG R. 3396.8876 DEG K. PRESS - 44.91000 ATM

GAS CONDENSED COMPOSITE

ENTHALPY - BTU/L_H 0.?6142E+03 -0.4657|E+04 -0.79704E+03

ENTROPY - BTU/L_ DIG R 0.2|29@E+01 0. 9667|E+00 0.22941[+01

DE215ITY o LaM/FT3 0.20254[+00 0,2|48&[+00

W_OLECU[AR 19EIGHT 20,1791 101.9(40 21.3241

CHEMICAL STATE (MOLE FR, - NOLECI/LE5 / TOTAL _ PMA._Z MOLZCULE$) .....

SPECIES ROLE FR. SPECIE5 MOLE FR. SPECIES NOLE FR.

AL 0.94010[-04 ALCL 0.40112[-02 ALOCL 0.15139[-02

0|
C 0.30708[-0@ ALCL2 0.12507E-02 ALCL3 0.15043[-03

03
ALQ2H 0.5S961[-03 ALO 0.16@80E-03 ALO2 0.30407[-04

04

AL202 0.6S685[-05 ALC 0.@1193[-II CCL 0.47394[-0S

04

CCL2 0.56494E-10 COCI.2 0.13579[-0@ CCL3 0.44374E-15

08

CHCL 0,&I127E-09 CHCL3 0.1@055E-_3 HC'M 0.56207E-05

O4

CH2 0.i1203K-07 CH2CL2 0.4116l[-11 CH20 0.170S7E-05

09

HCONH2 0.21329E-09 CH4 0.13490[-07 CH3OH 0.29984E-0B

O7

CNN 0,T132OE-12 NCN 0.21515E-10 CO 0.24901[+00

12

C2HSCL 0.14941E-14 C2CL2 0.27345E-13 C2CL4 0.20940E-20

09

C2HCL 0.79112[-11 C2H2 0.52057[-09 C2H3 0.79l@5[-12

15

C2H6 0.13@62[-15 C2N 0.&$226[-Ii C2M2 0.2@G36[-II

15

C3H3 0.18762E-15 C3H4 0.10331E-16 C3H$ 0.40523E-16

22

C4H4 0.40846g-21 C4M2 0.16082E-20 C5 0.17491E-25

0,00O00g+00
C6H12 O,OOO00E+00 C7 0.00000E÷00 C@ 0,00000g+00

O.O0000g+O0

CL 0.12|i$E-01 HCL 0.14730[+00 HCCL 0.71135E-05

12
CLO 0.|$611[-05 CLO2 0.1070l[-09 CL2 0.24357[-04

01
NH 0.2@I@4E-05 HNO 0.11424[-05 HNO2-C 0.10066[-07

12
ON 0.89790[-02 HO2 0.16395E-05 H2 0.27633E+00

09

H20 0.15362E+00 H202 0.31221E-06 NH3 0.11051E--04

05

FIO 0.67719[-03 NO2 0.47606[-07 NO3 0.44521E-13

07

N203 0.69215E-15 N204 0.49175E-20 N205 0.6744|[-24

03

02 0.149@3E-03 03 0.23617[-10 AL" O,O0000E÷O0

0.@0O00E+00

AJ.J_ • O.00000E+00 /_L203-A" 0.79lll[-01 C* 0.00000E+00

0.O000Og+00

HH4CLO4" 0.OOO0OE+00

_J_ROTHERN CHEMICAL EQUILIBR%UM JOB 5000100000

CP-FROZEN CP-EQUIL DLNM/DL/4T DLNM/DLNP GAMMA
0.46111E÷00 0,10281E+00-0.24626[÷00 0.13241E-01 0.113|2E+01
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SPECIES MOLE FR.

A%J'I 0.13633[-04

HALO 0.40150E-06

&L2CL6 0.17021[-10

CLCN 0._7692E-07

CCL4 0.135_0E-16

HNCO 0.53655E-06

CPI3 0,350@0E -07

CN 0,12719E-06

CO2 0,1?4lIE-01

C2CL6 0.00000E+00

C2H4 0.42142E-_2

C20 0.1295|E-0|

C302 0.35935[-Ii

C6 0.00000E+00

C9 0.00000E+00

ONCL 0,75496E-07

CL20 011132E-09

HMO2-T 0.I114BE-07

NH2 0_51694E-05

N2H4 0_|35@2E-12

_2 0.@8304[-01

N3 0.I1540E-09

ALOCL* O.O0000E+O0

Ab4CS" 0.00000E+00

SPECIES MOLE FR

ALN O,I687@E-

ALO_ 0.36231E-

AL20 0.2IlI3E-

COCL 0._0594E-

CH 0.3202_E-

HCO 0.21|03E-

CHSCL 0.4196@E-

NCO 0 4379@E-

C2 0.240@6E-

C2H 0,:I961E-

C2H40 010954E-

C3 0.IBq44[-

C4 0.|2215E-

C6H6

CI0

NO2CL _,4@260_-

H 03621BE-

½N03 026455E-

N2PL2-C 0,64@60E-

N 0 5@7@9E--

N20 0 ?@$|7E-

O C_68443E-

ALCLS"

NH4CL _



PROPERTY ROUTIN_ OUTPUT ZN LB-IqA_S,FT, SEC, EffUo_E.qD D_-R
TF,_P VISC CONO DE_R PR SC

0,576&02+04 0,54340E°04 0.610122-04 0.467442-03 0.417542+00 0.711371Z+00

NUt V_U2 V/DL. NT HTIL CPTIL HTIL*
0._|944E÷00 0.209?52+02 0.2|$4?2+02 0.254552+04 0.?96222÷00 0.15|632+04

ELEMENTAL g AND Z _U_SS F_CTIONS BY ATOMIC N_I4BER .... I_ - 0.667)

1 6 7 1 13 1'7

0.37490E-01 0.11303E+00 0.|?7652-01 0.39051E÷00 0.16007g÷00 0.21113E+00

0. 9321|E-01 0. 15400E+00 0.1206|2+00 0.36235E+00 0. 505992-02 0.26467E+00

ITZP_qTIONS - 7 TI_ - 0. 000 SEC.

RELATIVE MA-qSES CAr C_ONENTS 1.2 AND 3. 0.100002÷01 0.00000E÷00 0.00000E÷O0

MASS CONDENSED/MA.qS GA_ - 0,41472E÷00

- 576S.9994 DEG R. " 3203.3330 DEG K. PRESS - 25.90009 ATH

GAS CONOKNSEO COMPOSITE
ENTHALPy - BTU/L_q 0. $4614E+03 -0.4|1492+04 -0.10254E÷04

ENTROPY - BT_/L_4 D2G R 0.255552÷01 0.960322+00 0.22941E_01

DENSITY - LB4/FT3 0.124112+00 0.1755$2÷00

HOLECUL_q WEIGHT 20, 17|5 101. 9640 2$. 5470

ARE STATIC pROP2RTIES

V_L. - 0. 33512÷04 FT/SEC FLUX -

CH_ICAL STATE (MOirE rR. - MOLECULES

H-KINETIC - 0.22S41E÷03 BTU/LI_

0.$9370E+03 LBM/FT2SEC 14AEH - 1.00005

/ TOTAL GA_ pHASE HOLECULZS) .....

SPECIES V/OLE FR. SPECIF.S MDLE FR. SPECIES MOLE rR. SPECIES

AL 0.411222-04 ALCL 0.254452-02 ALOCL 0.1009$E-02 ALH

0$

c 0.$9079K-09 ALCL2 0.123292-03 AU::L3 0.117052-03

03

ALO2H 0.35434E-03 A[_O 0.72202E-04 ALO2 0.121972-04 AL2CL6
05

AL2O2 0.23370E-05 ALE 0.13017E-ii CCL 0.141322-09 CLEH
35

CCL2 0.I$200E-I0 COCL2 0.927242-09 CCL3 0.12g722-13 CCL4
O9

CHCL 0,21726E-09 CHCL3 0.586$2E-14 HCN 0.331402-05 HNCO

04

CH2 0.396202-0g CH2CL2 0.I$8832-ii CH20 0.I0161E-05 CH3

O9

HCONH2 0.7527$E-I0 CH4 0.750912-08 CH3OH 0.I09182-0$ CN

07

CNN 0,15564E-12 NCW 0,795752-II CO 0.250S6E+00 CO2

:J

C2HSCL 0.21|062-15 C2CL2 0.725$5E-14 C2CL4 0.350742-21 C2CL6

10

C2HCL 0.2544$E-Ii C2H2 0.195422-09 C2H3 0.212222-12 C2H4

14

C2H6 0,351942-16 C2N 0.157302-11 C2M2 0.|791_g-12 C20

16

C3H3 0,347412-16 C3H4 0.193|1E-17 C3HS 0.635602-i? C502
23

C4H4 0,45031E-22 C4M2 0.179572-21 C5 0,106742-26 CE

0.00000E+00

C6H12 0.000002+00 C7 0.000002÷00 C$ 0.000002÷00 C9

0.000002÷00

CL 0.I0757E-01 HCL 0.15363E+00 HOCL 0.45305E-05 ONCL

CLO 0.42?552-05 C_2 0.309552-10 CL2 0.172072-04 CL20
01

_H 0.127452-05 _NO 0.540632-06 HMO2-C 0.38922E-0| HNO2-T

13

OH 0.6359$E-02 HO2 0.71969E-06 H2 0.251422÷00 NH2

09

H20 0.15445E÷00 fl202 0.17235E-06 NH3 0.73090E-05 N2H4

05

NO 0.4245?2-03 NO2 0.19353E-0_ NO3 0.924272-14 N2

07

N203 0.I060g_-15 N204 0.490792-21 N205 0.37311E-25 N3
_3

02 0.|56092-04 03 0.566572-II AL* 000000g+00 ALOCL"

O,O0000E÷O0

AL_¢" O.O0000E+O0 AL203-A ° 0.$20732-01 C" 0.000002+00 AL4C3"

0,000002÷00

NH4CLO4* O.O0000E÷O0

_OLE FR.

0.530702°05

0.143162-06

0.70094E-II

0,13234E-07

0.35148E-I_

0.30266E-06

0.17277E-07

0.51977E-07

0.I$045E-01

0,00000E+00

0.13726E-12

0.42027E-09

0.I1527E-II

O.O0000E+O0

O.O0000E+O0

0.32274E-07

0.372492-[0

0.43300E-01

0.26972E-05

0,22697E-_2

O.g9213E-Ol

0.35213E-I0

O.O0000E÷O0

O.O0000E+O0

SPECIES MOLE FR,

ALN 0,23117E-

AL_I 0.20879E-

AL20 0.94564E-

COCL 0.60991E-

CH _.93062E-

HCO _._20ggE-

CH3CL 0 19593E.-

NCO 01R21gE-

C2 0.42794E-

C2H 0.3502gE-

C2H40 0 250_7E-

C3 0.290$1E-

C4 0.66403E-

C6H6

C10

NO2CL 0 _2692E-

H _29396E-

HN03 _64$72E-

N2H2-C 0.1421_E-

N 017654E"

N20 0.37340E-

ALCL3"

HH4CL"

.k
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171

0.000

0.001

0.509

1.009

1.509

2.009

2.509

3.009

3.509

4.009

4.5O9

5 009

5 564

12 595

22 286

23 339

29 412

30 185

32 455

37 839

40 769

41 262

42 339

45.339

51.339

57.339

58,492

60.339

61.492

62 339

64 492

70 492

76 492

82 492

88 492

94 492

i00 492

106.254

I12_492

118.492

121. 492

124 .492

127.492

130.492

133.492

136.492

139.492

142.492

145 492

148 492

151 492

154

157

160

163

166

169

SAMPLE MEIT INPUT FILE FOR RSRM NOZZLE
AEROTHERMAL ANALYSIS

492

492

492

492

492

492

0.701

41.820

40.952

39.287

38.079

37.104

36.282

35.573

34.950

34.394

33.895

33.441

33 027

32 606

28 093

26 930

26 930

28 378

28 625

29.684

32.169

33.535

33.790

34.285

35.653

38.318

40.874

41.545

42.110

42.766

43.032

43,959

46.272

48,485

50.605

52.639

54.588

56.460

58.257

59.983

61.642

62.446

63.236

64.009

64. 769

65.513

66.243

66,957

67.659

68.348

69.022

69 684

70 281

70 970

71 594

72 206

72 807

73 394

1.138 0.00 42.705

2.00

37.027

36.690

35.978

42.461

42.169

41.882

41.604

41.328

41.059

40 790

40 531

40 264

39 976

33 611

26 085

25 000

17 063

16280

13872

10.116

8.940

8.743

8.373

7.429

5.872

4.734

4.515

4.339

4.143

4 .067

3.829

3 312

2 899

2 583

2 316

2 088

I 905

i 756

1.643

1.544

1.499

1.457

1.418

1.381

1.345

1.312

1.281

1.250

1.220

1.191

i. 164

1.139

1.112

1.088

1.065

1.044

1.023

672.123

668.299

660.238

739.245

736.524

733.792

731.173

728.547

725.963

723.386

720.898

718.286

715.462

647.344

548.938

532.500

383.374

366.381

304.910

192.663

137.625

128.050

110.066

64.155

-11,591

-73.842

-90.129

-103.243

-117.833

-123.544

-144.427

-192.490

-234.139

-273.488

-306,836

-335 364

-356 813

-373 256

-372 743

-371 674

-371 182

-370 617

-370083

-369578

-369.099

-368.645

-368.215

-367.806

-372.218

-376.487

-380.551

-384.117

-388.131

-391.662

-395.033

-398.261

-401.343

1401.972

1462.033

1588.620

1095.079

1160.432

1221.044

1277.885

1331.708

1382.856

1432.179

1479.346

1525.608

1574.896

2472.282

3360.181

3484.000

4436.846

4535 205

4861 294

5412 008

5641 069

5680 439

5754 386

5943 167

6254 619

6501 978

6561875

6610.108

6663.767

6684.773

6758.830

6927.308

7071.129

7202.294

7313.454

7408.548

7493.755

7570.012

7634.698

7691.730

7717 858

7745 471

7771 539

7796 216

7819 593

7841 738

7862 745

7882 711

7906.829

7929,850

7951.766

7970.999

7992.646

8011,685

8029.866

8047.276

8063.897

5969 698

5963 516

5950 486

6078 210

6073 694

6069 350

6065 449

6061.246

6056.938

6052.644

6048.497

6044.223

6039.620

5929.602

5770.049

5744.000

5502.629

5475.063

5374.977

5191.656

5098.627

5082.407

5051 941

4974 164

4845 845

4739 109

4710 472

4687 412

4661.758

4651.714

4614.400

4528.094

4452.403

4378.939

4316.679

4263.417

4222.432

4190.260

4189.000

4189.000

4189.000

4189.000

4189.000

4189.000

4189 000

4189 000

4189 000

4189 000

418G 259

4171 814

4163 774

4156 719

4148 778

4141794

4135,125

4128,738

4122.641

0.000

0.000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0000

0,000

0,000

0.000

0.000

0,000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

0 000

CO00
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l.OOC

1 OOO

1 000

1 000

1 000

1 000

1 000

I 000

1 000

i000

i000

I000

1 000

l. OOC

1.000

1.000

1.000

1.000

1.300

1.000

1.000

1 000

i 000

I 000

1 000

1 000

1 000

1 000

1 000

1 000

I 000

! 000

i 30C

I 000

i OOO

!OOC

i,OOO

1. 000

1. 000

1. 000

1.000

1.000

1.000

l,OOO

l.OOC

1.000

1.000

1,000

1 000

i OOO

1 OOO

i OOO

1 000

I O00

I 000

1 000

i OOC



172.492 73.965 1.003 -404.271 8079.688 4116.848 0.000 1.000

1 174.037 74.532 0.983 -410.195 8097.112 4105.353 0.000 1.000

1 177.492 74.822 0.973 -413.462 8106.095 4099.024 0.000 1.000
7 7 i

1.0

-0.14888E+04 0.18000E+04 0.20561E+02 0.66954E+OO-O.14718E+O0 0.25277E-04 0.4121

-0.I0712E+04 0.27000E+04 0.20447E+02 0.44140E+00-0.15658E-03 0.32965E-04 0.4284

-0.66611E+03 0.36000E+04 0.20433E+02 0.47158E+00-O.90322E-02 0.39822E-04 0.4331

-0.16210E+03 0.45000E÷04 0.20236E+02 0.71596E+OO-0.11536E+O0 0.46125E-04 0.4299

0.84685E+03 0.54000E+04 0.19125E+02 0.17238E+01-0.62406E+00 0.52033E-04 0.4083

0.33081E+04 0.63000E+04 0.16108E÷02 0.37450E+OI-O.16028E÷01 0.57482E-04 0.3550

0.67555E+04 0.72000E÷04 0.13023E+02 0.32851E+01-0.12897E+OI 0.62176E-04 0.3087
5.0

-0.16194E+04 0.18000E+04 0.21698E+02 0.15797E+OI-0.84843E+O0 0.25352E-04 0.4396

-0.I0713E+04 0.27000E+04 0.20447E+02 0.44137E+O0-0.34918E-03 0.32965E-04 0.4285

-0.66961E+03 0.36000E+04 0.20441E÷02 0.45824E+O0-0.40570E-02 0.39822E-04 0.4332

-0.21844E+03 0.45000E+04 0.20352E+02 0.57471E÷00-0.51869E-OI 0.46121E-04 0.4323

0.46277E+03 0.54000E+04 0.19838E+02 0.10235E+OI-O.28473E+O0 0.52019E-04 0.4219

0.18300E+04 0.63000E+04 0.18214E+02 0.21392E+01-0.90992£+00 0.57590E-04 0.3912

0.43421E+04 0.72000E+04 0.15411E+02 0.32671E+OI-0.14944E+01 0.62687E-04 0.3438

i0.0

-0.17235E÷04 0.18000E÷04 0.22699E+02 0.16902E+01-O.97821E+O0 0,25399E-04 0.4650

-0.I0714E+04 0.27000E+04 0.20448E+02 0.44193E+00-0.10478E-02 0,32965E-04 0.4285

-0.67044E+03 0.36000E+04 0.20443E÷02 0.45509E+O0-0.28979E-02 0.39822E-04 0.4333

-0.23179E+03 0.45000E+04 0.20380E+02 0.54129E+O0-O.36730E-01 0.46120E-04 0,4328

0.37277E+03 0.54000E+04 0.20014E+02 0.86092E+OO-O.20215E+O0 0.52014E-04 0.4253

0.14629E+04 0.63000E+04 0.18823E+02 0.16599E+01-O.66656E+00 0.57595E-04 0.4021

0.34688E+04 0.72000E+04 0.16492E+02 0.27585E+OI-0.12961E*OI 0.62801E-04 0.3612
20.0

-0.18346E+04 0.18000E+04 0.23827E+02 0.17238E+01-0.97867E+00 0.25427E-04 0,4926

-0.I0718E+04 0.27000E+04 0.20452E+02 0.44427E+00-0.37231E-02 0.32966E-04 0.4286

-0.67105E+03 0.36000E+04 0.20444E+02 0.45288E+00-0.21144E-02 0.39822E-04 0.4333

-0.24123E+03 0.45000E+04 0.20399E+02 0.51768E+O0-0.260IOE-OI 0.46119E-04 0.4332

0.30940E+03 0.54000E+04 0.20139E+02 0.74700E+00-0.14334E+O0 0.52009E-04 0.4277

0.12037E+04 0.63000E+04 0.19277E+02 0.13121E+01-O.48019E+00 0.57591E-04 0.4104

0.27851E+04 0.72000E+04 0.17445E+02 0.22229E+OI-O.IO397E+01 0.62861E-04 0.3772
40.0

-0 19245£+04 0.18000E+04 0.24843E+02 0.14038E÷01-O.78609E+O0 0.25438E-04 0.5201

-0 I0732E+04 0.27000E+04 0.20464E+02 0.45345E+O0-O.13926E-01 0.32967E-04 0.4289

-0 67150E+03 0.36000E+04 0.20446E+02 0.45137E+OO-0.16658E-02 0.39822E-04 0.4333

-0 24791E+03 0.45000E+04 0.20414E+02 0.50100E+00-O.18436E-OI 0.46118E-04 0.4335

0 26472E+03 0.54000E+04 0.20229E+02 0.66700E+00-0.10155E+O0 0.52006E-04 0.4294

0 I0217E+04 0.63000E+04 0,19610E÷02 0.10657E+01-0.34291E+00 0.57584E-04 0.4166

0 22771E+04 0.72000E+04 0.18223E+02 O.17616E+OI-O.79222E+O0 0.62885E-04 0.3907

60 0

-0,19668E+04 0.18000E+04 0.25360E+02 0.12432E+01-0.67862E+00 0.2544iE-04 0.5353

-0.I0754E+04 0.27000E+04 0.20484E+02 0.46801E+OO-0.30014E-01 0.32969E-04 0.4295

-0.67173E+03 0.36000E+04 0.20447E+02 0.45077E+O0-0.15949E-02 0.39822E-04 0.4334

-0.25088E+03 0.45000E+04 0.20420E+02 0.49362E+O0-0.15095E-OI 0.46118E-04 0.4337

0.24497E+03 0.54000E+04 0.20269E+02 0.63171E+00-O.82984E-01 0.52005E-04 0.4302

0.94154E+03 0.63000E+04 0.19760E+02 0.95716E+00-O.28097E+O0 0.57580E-04 0.4194

3.20479E+04 0.72000E+04 0.18596E+02 0.15391E+01-O,66508E+O0 0.62889E-04 0.3973
75.O

-0.19872E+04 0.18000E+04 0.25620E+02 0.11639E+01-0.62292E+00 0.25441E-04 0.5433

-0 I0776E+04 0.27000E+04 0.20502E+02 0.48194E+O0-0.45382E-01 0.32971E-04 0.4300

-0 67185E+03 0.36000E+04 0.20448E+02 0.45055E÷O0-O.16459E-02 0.39822E-04 0.4334

-0 25227E+03 0.45000E+04 0.20423E+02 0.49016E÷00-0.13538E-OI 0.46118£-04 0.4338

0 23569E+03 0.54000E+04 0.20288E+02 0.61517E+00-0.74255E-OI 0.52004E-04 0.4306

0 90400E+03 0.63000E+04 0.19831E+02 0.90637E+OO-0.25166E+00 0.57578E-04 0,4207

0 19397E÷04 0.72000E+04 0.18777E+02 0.14316E+01-O.60188E+00 0.62890E-04 0.4005

7-1-35



SAMPLE MEIT OUTPUT FILE FOR RSRM NOZZLE
AEROTHERMAL ANALYSIS

_4C_TIM rNERGY INTE(_ATIOW TECHNI_ (MEIT)

NV/'C_ZR Otr HATLqlALS - 1

_ICH - 0.70100

ISUI"_OPIC EXPCWU? - 1,13800

TM_ INITI_ SOLUTION IS TIt_ 5TAG_ATIOH SOLUTION OF A St=KEI_ WI131 A ]_/_DIu$ OF 42.?05INCHES

HATL BTS BTH BLS B_

1 0.35000 0. 35000 0. $0000 0. $0000

NS - 60

IBRUPT - I

N!_YCR - 7

I P PJTT - 1

0 LTRJ_A - 0.00000 INCHU

ABRUPT TP.A/(S IT ION

FLOW IS TURBULENT
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MOq_NT1JM rJ¢_Gy INTEGRATION TECHNIQUE (NEIT)

T_I_qODYNNq I C TAB r .xe
**t****,*********.,

PREssuRE . 1 . 000ATII

_NTHALPy TF--q_' _RATURE NIDLECULAR VISCOSITY P P,AJ4DT L

fBTU/[_M) (DEG R) [qE ZGHT ILBISEC-rT) NU)_BER

-14||.4000 1|00.0000 20.5610 0.000025 0.4121

-1071.2000 2?00.0000 20.44?0 0.000033 0.4284

-666.1100 3600.0000 20.4330 0.000040 0.4331
-162.1000 4500.0000 20.2360 0.000046 0.4299

i46.|500 $400.0000 15.1250 0.000052 0.40|3

3301.1000 6300.0000 16.10|0 0.00005? 0.3550

6?55.5000 7200.0000 13.0230 0-000062 0.3017

PRE3SURE . 5.000ATM

EMTHALPy TEtIP ERATURZ NOLECU LAR VISCOSITY PRARDTL

(BTU / L_q) (DEG R) I11[ IGHT (LB/SEC-[r_) NUMBER

-1619.4000 1800.0000 21.69|0 0.000025 0.4396

-1071.3000 2?00.0000 20.4470 0.000033 0.4285

-669.6100 3G00.0000 20.4410 0.000040 0.4332

-218.4400 4500.0000 20.3520 0.000046 0.4323

462.7?00 5400.0000 15.|3|0 0.000052 0.4219

1|30.0000 6300.0000 18.2140 0.00005| 0,3912

4342.1000 7200.0000 15.4110 0.000063 0.3434

PRZSSURE . 10.000ATH

E_'THAI_y T_JfERATURE MOLECULAR VISCOSITT P/UU_IOT_

(BT_/LI_I} (DEC R) WEIGHT (LB/SEC-FTI NUMBER
-1723.5000 1|00.0000 22.6990 0.000025 C.4650

-1071.4000 2?00.0000 20.4410 0.00003] 0.4215

-6?0.4400 3600.0000 20.4430 0.000040 0.4333

-231.7900 4500.0000 20.3100 0.000046 0.4328

372,??00 5400.0000 20.0140 0.000052 0.4253
1462.9000 6300.0000 10.4230 0.000051 0.4021

3466,8000 7200.0000 16.4920 0.000063 0,3612
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MQI¢_ _F_CY INTZG_TI_ TECHNIQUE {_IT)

pRESS UP.E - 20.000&TM

EK1"HAI_Y TFJf E!_rl_ _D U_ CU 1_q V1 SCOS ZTY P _J_T L

(B_ / [J_q) (DEG RI WE IGHT I L_/SEC-FT) N_tl_ _

-1834.6000 1100,0000 23.1270 0.000025 0.4926

-1071.1000 2700.0000 20.4S20 0.000033 0.4286
-671,0500 3600.0000 20.4440 0.000040 0.4333

-241.2300 4500_0000 20.3990 0.000046 0.4332

309.4000 _400.0000 20.1390 0.000052 0.4277

1203.7000 6300.0000 19.2770 0.000054 0.4104

27S5.1000 7200.0000 _7.4450 0.000063 0.3_72

pRESSURE - 40,000AI"M

KNTKALPT TE_FKRA'/"31E MOLECULA_ VISCOSITY pRANDTL

(BT_/LSN) (DEG R) W[IGHT (LB/SEC-FT) NUMBER

-1924.5000 1000.0000 24.1430 0.000025 0.5201

-1073.2000 2?00.0000 20.4_10 0.000033 0.4209
-671.5000 3600.0000 20.6460 0.000040 0.4333

-247.9100 4500.0000 20.4140 0.000046 0.4335

264.7200 5400.0000 20.2290 0.000052 0.4294

1021.7000 6300.0000 19.6100 0.000050 0.4166

2277.1000 7200.0000 18.2230 0.000063 0.3907

pI_SSUIU_ - 60.000ATN

EN_H,I_T.,PY TF.JCF-q,AT't,_E HDIZ.C'JLAP. VISCOSITY PRANOTL

(BTU/IJIM) IO[G R) t_IOl4T (L/JtSEC-FT} NUMBER
-1966.1000 1000.0000 2S,3600 0.000025 0.5353

-lOTS.4000 2700.0000 20,4840 0.000033 0,429S

-691.7300 3600.0000 20.4470 0.000040 0.4334

-250,8a00 4500.0000 20.4200 0.000046 0.4337

244.9700 5400.0000 20.2690 0.000052 0.4302

941.5400 6300.0000 19.7600 0,000058 0.4194

2047.9000 7200.0000 18.5960 0.000063 0.3973

pRESSURE * ?5.000ATIq

ENTHALPY T_F_..q_.TURE HOLI_CIILA.q VISCOSITY pIV_qDTL

(B'/'U/I.8/4) (DEG R) NI_IGHT (r.R/SEC-F'I") N'JI,1BER

-19|?.2000 1|00,0000 25,6200 0.000025 0.5433

-1077.6000 2700.0000 20.5020 0.000033 0.4300

-671.|500 3600.0000 20.4410 0.000040 0.4334
-252.2700 4500.0000 20.4230 0.000046 0.4331

235.6900 5400.0000 20.2110 0.000052 0.4306

904.0000 6300.0000 19.4310 0,000051 0.4207

1939.7000 7200.0000 11,7770 0,000063 0.4005
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_NTUM ENERGY INTEGRATION 2?-.CHNIQUE (_D_IT)

GENERAL INPUT I_roRJ4J_TICW
eeeeQeeet Blleweatm_tllete

BODY IMTEG MATL STREAM AXIAL RADIAL BODY NORMALIZED WALL SURFACE ---EDGE CONDIT_OW---

PT NO PT NO NO LE.NGTH LENGTH LENGTH AMGLE ABLATION RATE TIg4P ROUGMNKSS PRESSURE ENTHALPT

VELOC ITT
I NCH

FT/SEC

(-1) _I) (HATL) IS)

(uE)

I 1
1401.97

2 ?

1462,03

3 9

150|.62

4 11

1095.0g

5 T3

1160.43

6 15

1221.04

7 17

1277.||

8 19

1331.71
9 21

13|2.|6

10 23

1432.10

II 25

1479.35

12 27

1525_61

13 29

1574,90

14 33

2472.25

15 31

3360.14

16 40
34|4.00

17 43

4436.65

14 45

4535.21

19 47

4861.29
20 50

5412.01

21 52

5641.07

22 54

5600.44

23 56

5?54.39

24 50

5943.I7

25 62

6254.62

26 66

6501.90

27 64

6561,||

21 70

6610.11

29 72

6663.?7

30 ?4
6644.?7

31 76

6751.|3

32 79

6927.31

33 |2

7071.13

34 15

7202,29

35 II

7313.45

36 91
?400.55

37

7493,75

34 97

7570.01

39 101

7634,70

40 104

7691.?3

41 L06

7717.16

42 100

?745.47

43 llO

7771.54
44 112

7716.22

I 0.00

1 0.47

1 2.61

1 3.92

i 5.01

I 5.97

i 6.04

i ?.$4

I 1.39

I 9.09

1 1.77

1 10,42

I 11.12

INCH INCH DEG

IZ) (N) (THETB| (BP)

0.000 41.120 -01.934 0.000

0.001 40.152 -74.631 0.000

0.501 39.217 -70.666 0.000

1.009 31,079 -65.300 0.000

1.509 37,104 -60.905 0.000

2.009 36.282 -5&.149 0.000

2.50t 35.573 -53.103 0.000

3.009 34.950 -49.696 0.000

3.509 34.314 -46.533 0.000

4.009 33.195 -43.621 0.000

4.50t 33.441 -40.951 0.000

5.009 33.02? -38.361 0.000

5.564 32.606 -33.040 0.000

1 1t.47 12.595 21.093 -1|.749 0,000

1 29.23 22.216 26.t30 -6.171 0.000

i 30.24 23.339 26.930 11.416 0.000

i 36.53 21.412 21.371 13.106 0.000

I 37.34 30.115 21.625 23.221 0.000

I 31.14 32.455 21.614 24.145 0.000

I 45.77 37.139 32.169 24.153 0.000

1 49.01 40.769 33.535 25.340 0.000

i 49.56 41.262 33.790 25.534 0.000

I 50.75 42.339 34.205 24.551 0.000

t 54.04 45.339 35.653 24.131 0.000

[ 60.61 51.339 3|.31| 23,513 0.000

1 67,13 57.339 40,4?4 24.212 0.000

l 61.46 51.4t2 41.545 22.392 0.000

1 ?0.40 60.339 42.110 22.146 0.000

l 71.72 61.492 42.766 24.750 0.000

l 72.61 62.339 43.032 21.616 0.000

1 74.95 64.492 43.959 21.673 0.000

i 11.39 70.492 46.272 20,665 0.000

i 87.78 76.492 40.405 19.854 0.000

I 94.14 12.492 50.605 19.094 0.000

I 100.41 11.492 52.639 11.362 0.000

i i06.79 94.492 54.511 17.662 0,000

i 115.07 i00+492 56.460 i?.325 0.000

l 111.11 106.254 51.257 16.361 0.000

I 125.51 112.492 59,9|3 15.461 0.000

1 131.11 111.492 61.642 15.305 0,000

l 134.91 121.492 62.446 14,171 0,000

L 131.01 124.412 63.236 14.601 0.000

141.11 127,492 64.009 14.332 0.000

t 144 .21 130.4t2 64.769 14072 0,000

D?..G R HIL

(Till (NUFHIL)

5969.70 2. 000

59_3.52 2,000

5t50.49 2.000

6071.21 2.000

6073.69 2.000

6069.35 2.000

6065.45 2.000

6061.25 2.000

6056.94 2.000

6052.64 2.000

6041,50 2.000

6044.22 2.000

6039,62 2.000

5929.60 2.000

5770.05 2.000

5744.00 2,000

5502,63 2.000

5475.06 2.000

5374.11 2.000

5191.66 2.000

5011.63 2.000

5012.61 2.000

5051.94 2.000

4174.16 2.000

4145.15 2.000

4739,Ii 2.000

4710.47 2.000

4617,41 2.000

4661.76 2 000

465[.71 2,000

4614.40 2.000

4521_09 2.000

4452.40 2,000

437194 2.000

4316.61 2.000

4263.42 2.000

4222.43 2.000

4190,26 2.000

4119,00 2.000

4119,00 2,000

4119.00 2.000

411900 2.000

4119.00 2.000

4119.00 2000

ATH 8TU / LBM

(PE) (HE)

37 .03 6";2. 12

36.69 668.30

35.98 660.24

42.46 739.25

42.17 736.52

41 . 8| 733 ,71

41.60 731. 2?

41.33 721.55

41.06 725.96

40.79 723.39

40.53 720.90

40.26 711.29

39.98 715.46

33.61 647.34

26.01 54 O, 14

25. O0 532. 50

17.06 31337

16.21 366,31

13.87 304.91

I0.12 192.66

1.94 L37.63

1.74 121.05

8.37 110.07

7.43 64,15

5.17 -11.59

4 .73 -73,14

4 ,52 -90, 13

4.34 -L03 24

414 -11783

4.07 -123.54

3.$3 -144 43

3.31 -I92.49

2.90 -234,14

2.50 -273.49

2.32 -306.84

2,09 -33536

i 90 -356.11

176 -373.26

i .64 -3?2 74

i 54 -37167

i ,50 -371 14

1,46 -370 62

1 42 -370.04

_ 31 -369 5|
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MCMZNTUM ENERGY IMTZGRATION TECHNIOUZ (_IT)

BODY I b[TKG HATL $TRZJ_ /_X I AI. P._D I AL BODY _PJ4ALI ZKD I_LL SURF_CK ---_DGK COND _ TION---

PT NO PT NO NO L,ZNGTH lENGTH I_NGTH _GLZ /_BI_TION P.ATZ TZP_ RC_GHNES$ PRZSSURZ EN'rHALp¥

V_LOC ITY

! HCH INCH _NCH DZG

FT/SEC

(J) (I) (_TL) (S) (Z) (RI (THZTB| (BP)

(uz)

45 I14

7619.59

46 116

7641.74

47 118

7662.75
48 120

7882.71

49 122

T90£.63

50 124

7929.85

51 126

7951.77

52 120

7971.00

53 130

7992.65

54 132

8011.68

S5 134

4029.67

56 136

8047.21
57 136

8063.90

58 140

8079.69

59 142

809711

60 144

8106.10

DZG R MIL

(Tie) (RUFMIL)

i 147,30 133.492 65.513 13.102 0.000 41|9.00 2.000

i 150.39 136.492 66.243 13.532 0.000 4189,00 2,000

1 153.47 139.492 66.957 13.279 0,000 41|9,00 2,000

I 156.55 142.492 67.659 13.052 0.000 4189.00 2.000

1 159.63 145.492 18.341 12,798 0.000 4180.26 2.000

1 162.70 148.492 £9.022 12.553 0.000 4171,11 2.000

1 165.78 151.492 £9.664 11.651 0.o00 4163.77 2.000

1 166.83 154.492 70,211 12.097 0.000 4156.72 2.000

1 171,91 157.492 70.970 12.344 0.000 4148.76 2.000

1 174.90 160.492 71.594 11,640 0.000 4141.79 2.000

I 176.04 163.492 72.206 11.429 0.000 4135.13 2,000

1 lll.10 166.492 72.107 11.200 0.000 4121.74 2.000

1 1|4.15 169.492 73.394 10.924 0.000 4122,64 2.000

1 107.21 172,492 73.965 14.057 0.000 4116.05 2.000

i 18|.8_ -_ 174,037 74,532 9.726 0.000 410_.35 2.000

l 192,32 177.492 74.$22 4.79| 0.000 4099.02 2.000

ATM BT',J / L.&M

(Plel (HE)

1 .35 -369. _0

1.31 -368,65

1.211 -366,22

1.25 -367.41

_.,22 -372.22

1,19 -3"76.49

L,16 -380,55

1,14 -364.12

1.I1 -388,],3

],.09 -391.66

1.07 -395,03

1.04 -3911.26

1,02 -401.34

1,00 -404.2"_

094 -41020

O.9"7 -41346
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EK_Dy

PT NO

l

2

3
4

5

6

7

8

9

_0
ii

12

13

14

15

16

18

19

2O

21

22

23

24

25

26

27

28
29

3O

31

32
33

34

35
36

37

3e

39

40

41

42
43

44

I NTEG
PT MO

(Z)

1

7

9

Ii

13
15

17

19

21

23

25

27

29
33

3|

40

43

45

47

50

52

54

56

58

62

66

64

70

72

74

76

79

B2

85

8|

91

94
97

104

106

Z0|

Ii0

112

STREAM

LENGTH

INCH

($1

0,0000

0.|650
2.605|

3.9162

5.0119

5.9740

6,|416

7.6404

8.3102
9,0946

9,7699

10.4191

11.1157

19.4705

29.2310

30.2|40

36.5272

37.3317

39.1436

45.7734

49.0062

49.5612

50.7466

54.0437

60.6090
67.1307

68.4647

70. 3962

71. 7226

72.6106

74,9547

|1.3|$1

|7,7602

94.1437

100.4791

106.7977

113,0729

119,1096

125.5610

131.1062

134,9120
138.0143

141.1123

144.2071

MOMENTUM ENERGY INTEGRATION TECHNIOUE IMEIT)

VELDCITy

FT/SEC

(UE)

1402.0

1462.0

15|8.6

1095.1

1160.4

1221.0

1277.9
1331.7

1312.9

1432.2

1479.3

1525.6

1574.9

2472.3

3360.2

3464.0

4436.1

4535.2

4961.3

5412.0

5641.1
56|0.4

5754.6

5943.2

6234.6

65O2.O

6561.9

6610.1

6663.|

6664.8

6759.1

6927.3

7071.1

7202.3

7313,5

740|.5
7493,|

7570.0

7634.7

7691.7

7717.9

7745.5

7771.5

7796.2

VISCOUS FLON - EDGE PROPERTI_

HACH ENTHALPY TF, PtPERATURE DENSITY
NO

BTU/LJBI4 DEC R L_4/FT3

(HCAJ4] {HE) (TEl (ROEI

0.3430 672.1 5869.0 1.7156-01

0.3579 661.3 5862.7 1.7046-01

0.3194 660.2 5849.7 1.6756-0I

0.2653 739.2 5974.4 1.9326-01

0.2113 736.5 5969.9 1.9206-01

0.2961 733.8 5965,5 1.90|E-01

0.3100 731.2 5961.2 1.8976-01

0.3232 721.5 5956.9 1,856Z-01
0.3357 726.0 5952.7 1.975£-01

0.3476 723.4 5941.6 1,|64Z-01

0.3594 720.9 5944.5 1.8546-01

0.3709 7]6.3 5940.3 1.|43E-01

0.3530 715.5 5935.1 1.|316-01

0.6074 647.3 5122.3 1.5726°01

0.6373 541.9 5674.4 1.2556-01

0.8702 532.5 5651.4 1.20|E-01

1.1306 363.4 5457.0 |.5|56-02

1.1512 366.4 5436.1 9.227Z-02

1.2534 304.9 5341.0 7.1466-02
1.4265 192.7 5133,1 5.430E-02

1.4996 137.6 5033.7 4.|976-02

1.5129 126.1 5019.1 4.|056-02

1.5376 110.1 4916.0 6.6326-02

1.6014 64.2 4909,| 4.1796-02

1.7016 -11.6 4785.9 3.3956-02

1.7960 -73.8 4617.2 2.7996-02

1.$176 -90.1 4662.1 2.6|46-02

1.6351 -103.2 4643.4 2.5916-02

1.8546 -117.1 4622.0 2.4|76-02

1.8623 -123.5 4613.7 2.4466-02

1.8996 -144.4 4584.2 2.3196-02

1.9340 -192.5 4511.6 2.0426-Q2

2.0120 -234.1 4435.7 1.|196°02

2.0619 -273.5 4333.6 1.6516-02

2.1178 -306.6 4214.4 1.5056°02

2.1605 -335.4 4225.4 .1.3766-02
2.1970 -356.| 4161.0 1.2696-02

2.2297 -373.3 4146.1 1.I796-02

2.2461 -372.7 4164.9 1.1046-02

2.2649 -371.7 4144.3 1.0376-02

2.2726 -371,2 4143,9 1.0076-02

2.2107 -370.6 4143.7 9,7||E-03
2.2664 -370.1 4143.6 9.5266°03

2.2936 °369.6 4143.3 9.27|E-03

VISCOSITY

L_M/FT-SEC

(VISE)

5.491E-05

5.467E-05

5.479E-05

5.557E-05

5.554E-05

5.551E-05

5.548E-05

5.546E-05

5.543E-05
5.541E-05

5.539E-05

5.535E-05

5.533E°05

5.462E-05

5.371E-05

5.357E-05

5.236E-05

5.223E-05

S.163E-05
5.027E-03

4.963E-05

4.952E-05

4.932E-05

4.|80E-C5

4.799E-05

4.735E-05

4.719E-05

4. 706E-05

4.692E-05

4.687E-05

4.667E-05

4. 620E-05

4. 567E-05

4. 510g-05

4.461E-05
4.420E-05

4.3|9E-05

4.365E-05

4.364E-05

4.363E-05

4.363E-05
4.363E-05

4.363E-05

4.363E-05

UNIT

RE NO

I/FT

IURE)

4.385E*06

4.540E*06

4.856E+06

3.807E+06
4.DI2E+06

4,198E+06

4.370E+06

4,529E+06

4.678E+06

4.819E*06

4,952E+06

5,080£+06

5.213E+06

7115E+06
7.852E÷06

7.|59E+06
7.274E÷06

7143£*06

6.729E*06

5.|47E÷06

5.566E÷06

5.512E÷06

5.405E+06

5.089E+06

4.424E*06
3.043E+06

3,732E*06

3.639E+06

3.531£÷06

3.48_E+06

3.356E+06

3.062Z+06

2.$16E+06

2.6376+06

2,467E+06

2.306E+06

2.166E+06

2.045E+06

1.931E+06
I.|29E+06

I.TQIE÷06

173|E+06

1,697E÷06

1.659E÷06
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MCMZN'TIJN F,.NF_GT INTEGRATION

BOOT INTEG STREJ_N U'E %._C_I T¥ _C'J4 _NT_[AI_P¥

PT NO PT NO I,ENGTH NO

INCH rT/$_ B1"U / I,_4

45 114 147.29_9 7119.6 2.302S -369.1

46 116 150.J855 ?|41.7 2.3090 -3G8.6
4_ 11| 153.4G93 _|62.7 2.3152 -361.2

4e 120 156.$503 78|2.7 2.3211 -3G?.|

49 122 159.62|4 _906.8 2.3308 -372.2

$0 124 1_2.7032 7929._ 2.3401 -376.$

51 126 iG_.7754 _9$1.| 2.J490 -3|0.6

52 121 16|.8342 7971.0 2.3561 -3|4.1

53 130 171.9123 7992.6 2.3G$6 -3||.1

54 132 174._7_5 |011.7 2.3734 -_1._

_ _34 17|.0_83 1029.9 2.3|0| -395.O

$6 136 1|1.0979 $04?.3 2._879 -39|._

$7 13| 1|4.1541 80_3._ 2.3_45 -40_.3

b8 140 1_.205_ J079.7 2.4012 -404.3

59 _42 18|.|$44 |097.1 2.4099 -410.2

60 144 192.321_ |10_.1 2.4145 -413.$
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BODY

CF/2

PT NO

(J)

l
; . 000E÷30

2

2,612E-03

3

2. 111E-03

4

! . 287E-03

5

i . 276E-03

6

1.316E-03
7

1. 357E-03

|

l. 394E -03

9

1. 421£-03

10

1.463E-03

11

I. 4151'°03

12

i .525E-03

13

i . 551E-03

14

i. 91101'-03

15

i , 997£-03
16

2. 0031'-03

17

2.0151'-03

11

2,0021'-03

19

i . 9581"-03

20

I. 1031'-03

21

I. 7361'-03

22

1. 7261'-03

23

1. 7051t-03
24

l. 6531'-03

25

1. 5651'-03

26

1. 5031'-03

27
i. 4941'-03

2e

i . 410E-03

29

1.4 ?lE-03

30

i, 4641'-03

31
l, 4521'-03

32

i . 411E-03

33

i. 3|31'-03

34

1,347E-03

35

I. 319E-03
36

1. 2931'-03

37

i . 2711'-03

31

,2521'-03

39

I 2361'-03

40

1,2231'-03

41

1.2161'-03
42

1.2101'-03

43

L.2051'-03

44

;. 1991'-03

INTEG

PT NO

II)

1

7

9

i1

13

15

17

I9

21

23

25

27

29

33

311

40

43

45

47

50

52

54

56

51

62

66

61

70

72

?4

76

79

12

15

II

91

94

97

101

104

106

101

110

112

$TREAn

LKNGTH
INCH

ISl

0. 0000

0.1680

2.6011

3.9162

5.0119

5. 9740

6.|416

?. 6404

I. 3662

9. 0946

9. 7699

10.4191

11.1157

19.4705

29.2310

30. 2840

36. 5272

37. 3317

39. 8436

45. 7734

49. OO&2

49. 5612

50. ";466

54. 043?

60. 6090

67 , 1307

61. 4647

?0. 3962

71. 7221

72.6106

74. 9547

11.3151

17, 7102

94. 1437

100.4791

101. 7677

113.0729

Ii 9.1016

125. 5110

131.1062

134.9120

13|.0143

L41 1123

L44.2071

NO'IEWTVM EMEIkGT INTEGRATION TECHNIQUE (_IT)

VISCOUS FLC_ - _ AND B. I, RECOVERy PROP1'RTIE$
Ilitlitiillllliilllilllllili i111111ililllliilllll

NALL

TEP_ERATURE

D1'G R

(TW)

5969.7

5963.5

5950.5

6071.2

6073.?

6069.4

6065.4

6061.2

6056.9

6052.6

6046.5

6044.2

6039.6

5929.6

5770.0

5744.0

5502.6

5475.1

5375.0

5191,7

50$1.6

5012,4

5051.9

4974.2

4|45.|

4739,1

4710.5

4687,4

4661.8

4651.7

4614.4

4521.1

4452.4

4376.9

4316.7

4263.4

4222.4

4190-3

4189.0

4119,0

4119.0

4119.0

4119,0

4119.0

_11_ I(kLL _ REC_Y

1'_Y DEN$I_ VIS_SITY ZNT_Y

B_/_ Y.BI'UFT3 _/FT-S1'C BTU/_

(HWI IR_) (VISN) (HR)

75g.6 1.6621"-01 5.5541'-05 697.6

?55.0 1.66_-01 5.5501'-05 ?00.3

?47.4 L,640g-01 5.5421"-05 691.0

825.5 1.1921"-01 5.6211'-05 757.2

822.9 1.8111"-01 5.6111'-05 756,7

820.4 1.1691'-01 5.6151"-05 756.1

818.2 1.1511'-01 5.6131'-05 ?55.6

115.7 1.14_-01 5.6101'-05 755.1

613.1 1.1361'-01 5.608R-05 754.6

II0.i 1.12R-01 5.605R-05 754.1

101,1 1.816E-01 5.603E-05 753.6

105.5 1.105E-01 5.6001'-05 753.1

1102.1 1.793E-01 5.5971'-05 752.6

941.7 1.537E-01 5.5291'-05 ?38.8

638.3 1.2291'-01 5.430E-05 717,9

619.9 1.114E-01 5.414E-05 714.2

431.0 8.4931'-02 5.2651'-05 671.4

407,? 1.152E-02 5.2411'-05 674.?

326,7 70971'-02 5.1851'-05 669,3

232.0 5.3631'-02 5.0651'-05 632.2

110.7 4.11301'-02 5.0041"-05 615.4

171.6 4.7391'-02 4.9931'-05 612.5

154.4 4.567E-02 4.974E-05 607.2

109.1 4.11_E-02 4.923E-05 594.5

33.4 3.347[-02 4.839E-05 576.0

-32.6 2,7641'-02 4,7691'-05 561.4

-50.7 2,6531'-02 4.7501'-05 556.9

°65.6 2.5631'-02 4.7351'-05 553.4

-12.5 2.462£-02 4.7111'-05 549,6

-$9.3 2,4231'-02 4,7121'-05 5481

-i15.6 2.301E-02 4.687E-05 542.4

-ii0.1 2.0331'-02 4.6311'-05 529,3

-224.2 1.11121"-02 4.5791"-05 511.3

-251,9 1.641£-02 4.52111'-05 5073

-211.5 1.4931"-02 4.464E-05 498.6

-314.0 1.3631"-02 4.4471"-05 491.5

-333.6 1.2561'-02 4.411E-05 419,4

-34119 1.167E°02 4.3951'-05 490.5

-348.0 I092E-02 4.3951'-05 505 11

-346.5 1.0261'-02 4.3951'-05 520.0

-345,1 9.9561'-03 4.3951'-05 526.6

-345.2 9.678E-03 4,3951'-05 533.6

-344,5 9,419E-03 4,3951'-05 540.2

-343.9 9.1721'-03 4.3951'-05 546,5

RE c'Ov_,R y

FACTOR

(RECOV)

0,6551

0.7541

0,7541

0,7548

0.7541

0 . 7548

0.7541

0.75411

0.7541

0.7541

0. 7548

0.7541

0.?5411

0,7541

0.7548

0 75411

0. 7541

0.7541

0.75411

0. 7541

0 7541

0.7541

0.1548

0.7548

0. ?546

0 7541

0.7541

O. 7541

0.7541

0r75411

075411

0 7548

0.7541

0.7548

0,7541

0,75411

0.7541

0 75411

0. 75411

0 , 75411

0 75411

0 7548

0 75411

o 7548

$1'NSBL COW

HEAT FLUX

BTU/?T2-SEC

-6.1191'+00

-5.7001'+01

-3695E+01

-5.1021'+01

-4.442E+01

-4.136E+01

-3.965E+01

-3.1116E+01

-3.675E÷01

-3,545E+01

-3.41111'+01

-3.2931'*01

-3,1511'+0_

-2.146E+00

7.997E+01

9.5331'+01

2.326E+02

2.445E+02

2.782E'02

2,6031'+02

2.577E_02

2.5721'_02

2.5571"+02

2.4931'+02

2.2951'÷02

2096E÷02

2,06111'+02

2035E'02

2.0051'+02

I 968E_02

1.960E_02

lgl0E+C2

17561'*02

16311E+02

1.5296÷02

1,425E*02

1.33111'+02

:.265E*02

L.200£÷02

L.141E*02

1 114E+02

L090E+02

_0666_02

044E+02
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BODY

_r/2

PT NO

I J)

45

i, 194E-03

46

1 .I||E-03
47

1 . I13Z-03

41

I .17|E-03

49

1.1731-03
50

1.16|E-03

51

i. IG31-03

52

I. 1541-03

53

I. 1541-03

54

I. 1501-03

55

i. 1451-03
56

i. 14 IE-03

57

i, 1371'-03

51

I. 1351-03
59

I 1331-03

60

i. 1271-05

I_TEG

PT NO

(I)

i14

i16

118

120

122

124

L26

121

130

132

134

t36

131

140

142

144

S'mU_

LZMGTH

INCH

(5)

147,2979

150.3|55

153.4693

156.5503

159.62|4

162.7032

165.7754

16|.|342

171.9123

174.9765

178.0383

141,0979

184,154|

1|7.20|6

I||.|544

I%2,3216

_UZNTt_ ENERGY INTEGRATION TECHNIQUE (MEIT)

WALL WALL _%LL RAIL RECOVERy

TTJ_ERATURE EMTF[ALpy DENSITY VISCOSITY ZHTHALPY

DEG A BTU/LI_I L_4/FT3 LJ_I/FT-SEC BTU/LB_

(TW_ (HN) IRON| (VISN| (HR)

41|9.0 -343.3 I.$33Z-03 4.395E-05 552.4

41|9.0 -342.7 1.713E-03 4.3951-05 55l.i

4119,0 -342.1 |.5071-03 4.3951-05 563.5

41|9.0 -341.5 |.3001-03 4.395E-05 56|.7

41|0.3 -345.| 1.1141-03 4.3|91-05 570.0

4171.1 -349.9 7,$421-03 4.313Z-05 571.3

4163.1 -353.| 7.7771-03 4,377_-05 572.6

4156.7 -357.3 7.6231-03 4.372Z-05 573.7

4148.8 -361.1 7.4571-03 4.3671-05 574.9

4141.8 -364.5 7,30|E-03 4.362E-05 576.0

4135.1 -367.1 7.1641-03 4.3571-05 577.0

4128.7 -370.$ 7.0351-03 4.352E-05 57|.0

4122.6 -373.9 6.9041-03 4.3411-05 574,9

4116.4 -376.7 6,77_-03 4.3441-05 57).|

4105.4 -312.1 6.663E-03 4.3361-05 578.2

4099.0 -316.1 6.605[-03 4,3321-05 57_.|

HECOVERy

FACTOR

IRECOV)

0.7544

0.7548

0.7544

0.7545

0.7544

0,7548

0.7548

0.7544

0.7541

0.7541

0 .7541

0.7544

0.1541

0. 7541

_.7541

07548

SZNSBL CO_V

HEAT FLUX

HTU/FT2-SEC

1.0221_02

1.0011*02

9.4131+0!

9.6131+01

9.4551+01

9.2951÷01

9.1441+01

9.0011+01

|.1511+01

4.7091+01

|.572Z+01

4.447_+01

4.3176+01

|.2001+01

41021+0!

4.0271÷01
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MOMENT't,_ E.qERGY INTEGRATION TEOiNIOUZ (MELT)

VISCOUS F_ - _ART LATER _LUTION
ee eelet teem nleteleeweme eeeet eleet teele

_DY INTEG STRE.k_ MO_NTI/M ENERGy SHAPE _ THICK ENERGY THICK H_AT TP_M4S REYNOLDS IKTER- HEAT
TRANS

PT NO PT NO _NGTN THICK_S$ THI_$S fACTON KZ NO RE NO COEFFICIENT ANAL FA_ MITTENCT
AUGRY-.NT

INCH NIL NIL L_/FT2-SEC

(,7) (I) (.5) (THE) (PHI) (HSF) I P_TH ) (REPM) (RUCHI (RAF) (ADHL)
( RUFSMT )

I 1 0.0000 1.836 4.224 2.467 O, O00E+O0 0. 000Z+00 1.004E-01 0.4415 0.00
1.000

2 7 0.8680 6.129 3.001 1.657 2.319Z÷05 I. 1656+03 1.0426÷00 1.6019 L O0
i .262

3 9 2.6084 12.016 11.853 1.621 4.062Z+03 4. 7961r+03 7,4036-01 1.2896 1.00
1.247

4 II 3.9162 137.534 4.779 1.452 4.363Z+04 i. 5166+03 7,4646-01 2.7416 1.00
i. 154

5 13 5.0119 146,995 4.842 1.452 4. 914Z+04 2. 9566+03 6.708_-01 2.3591 1,00
I . 159

6 15 5.9740 124.157 12,173 1.465 4.3436+04 4.25|Z÷03 6,4366-01 2.0956 1.00
i. 167

7 17 6.8416 106.952 15.101 1.476 3. 894Z+04 5. 499E+03 6,3376-01 1.9263 1.00
1.174

8 19 7.6404 93,527 17.947 1.487 3. 5306+04 6,774Z+03 6.2926-01 1.7976 1.00
1.101

9 21 8. 3882 82,497 20. 810 I •496 3. 232E+04 |. I136+03 6.2736-01 I .6937 [. 00
1.188

10 23 9.0946 74.229 23.722 1.505 2.9816+04 9. 5276+03 6.273Z-01 1.6059 1.00
1,194

ii 25 9. 7699 67.187 26. 722 I .514 2. 773Z+04 I. I036+04 6. 2766-01 i. 5313 1.00
1.200

I2
1.20_

13

1.2_i

14

i , 272

15

i. 262

16

1.282

17

1.278

10

1.276

19

i.269
20

1.246

21

i. 237

22

i .235

23

1.231

24

1.221

25

i. 198

26

1.170
27

1.174

24

1.170

29

1 . 166

30

1,164

31

1.159

32
L _147

33

I, 136

34

i. 127
35

1.119

36

1.110

37

L, 102

38

i. 095

39 101 125_5810 114.347 140.232 1.734 1.840E÷04 2. 257_+04 1.4056-01 13493 1,00
1.088

40 104 131.8062 122.163 152.142 1.733 1. 462E+04 2.318E+04 1.3176-01 1.3502 1.00
1.001

41 "06 134.9120 126.083 158.110 1.732 i.|72E+04 2.3476+04 1.2776-01 1.3507 1.00
1.078

42 I08 138.0143 129098 163.987 1,732 I. 0816÷04 2.3756+04 1.2406-01 1.3510 1.00
i 075

43 II0 141 1123 133.686 169,002 1.732 I. 8906÷04 2.4016+04 1.2056-01 L.3515 i 00
I . 072

44 112 L44.2071 137491 175.637 1.731 1,900K÷04 2.427Z+04 1.1726-0! 13519 !.00
1 069

27 10.4191 61,182 29,954 1.522 2.5906+04 1.2686*04 6.2806-01 1.4643 1.00

29 11.1157 55,543 33.776 1.531 2.415Z+04 1.4676÷04 6.2846-01 _.3985 1.00

33 19,4705 19.872 61.033 1.644 1.1786÷04 3.6196+04 7,4706-01 0,9719 L,00

30 29.2310 19.030 18,103 1,680 1.245E+04 1.104Z+04 1.005£+00 11929 1,00

40 30.2840 18.840 17.394 1.694 1.2346+04 1.139Z÷04 1.011E+00 1.1996 1.00

q3 36.5272 18.056 15.885 1.735 1.0946+04 9.629E+03 9.402£-01 1.2251 1.00

45 37.3387 10,495 16.457 1.736 I.i01E+04 9,796E+03 9.156E-01 1.2258 1.00

47 39.8436 19.696 18.144 1.743 1.1046÷04 1.0176+04 8.365E-01 1,2296 1.00

50 45.7734 24.401 25.903 1.747 1.1096+04 1.2626+04 6.5036-01 1.2274 1.00

52 49.0062 27.200 29,157 1.744 1.262Z+04 1.3526÷04 5.928E-01 1.2365 1.00

54 49.5612 27,677 29.706 1.748 1.271E+04 1.365Z+04 5,8356-01 1.2384 1,00

56 50.7466 28,782 30.979 1.748 1.2966+04 1.3956+04 5.646E-01 1.2423 1,00

58 54,0437 32.019 34,786 1,747 1.3386÷04 1,4756+04 5.1436-01 1.2526 1.00

62 60.6090 39.108 43.649 1,744 1.4426+04 1,609E+04 4.230Z-01 1.2729 1,00

66 67,1307 46.625 53.302 1.741 1.4936+04 1.7076+04 3.528E-01 1.2896 L.00

68 68,4647 47,962 54.889 1.741 1,492K+04 1.707E+04 3.404E-01 i.Z939 IO0

70 70.3962 50,098 57,442 1,740 1.5196+04 1,742Z+04 3.208E-01 i 2970 i.00

72 71.7228" 51.596 59,190 1.739 1.518K+04 1.7426+04 3.171£-01 1.3013 1.00

74 72.6106 52.640 60.409 1.739 1.530E+04 1.756_+04 3.119E-01 1.3030 L,00

76 74.9547 55,251 63,155 1.73| 1.5466+O4 1.7676+04 2.97|E-01 1.3006 i.00

79 81.3851 62.485 70,932 1.736 1.594E÷04 1,0106+04 2.6506-01 13217 i 00

82 87,7802 69.890 80.116 1.735 1.640Z+04 1.8806+04 2.3646-01 1.3292 1.00

85 94,1437 76.688 |8,857 1.736 1.685Z÷04 1.9536+04 2.1382-01 1.3339 1,00

08 100.4791 83.914 98.213 1,736 1.7252÷04 2.0196÷04 1.942Z-01 1.3303 1.00

91 106,7877 91.539 108.176 1,736 1.759_+04 2.0796+04 1.769_-01 1.3424 1.00

94 I13,0729 99.101 118.306 1.736 1.789E+04 2.1366+04 1.626£-01 1,3457 1,00

97 119.1086 106.360 120.184 1,735 1.813£+04 2,185E÷04 1.5076-01 1,3485 ZOO
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_NT%_ ENERGY INTEGRAT2ON TECHHIOV_ (NZIT)

BODY INTEG $TI¢_ MK_NTUN ENERGY $_L_E 14014 THICX _NERGY THICK HEAT TRAN$ R_YWOLDS INTER- HEAT

"I_$
PT NO PT NO LENGTH TRICXWES$ THICKNESS FACTOR RZ NO RE NO COEFFICIENT ANAL FAC MITTENCY

AUGI,_
IWCH _IL MIL I_/FT2-SEC

(J) (If ($) ITHE) IPHI) (RSF) (IIETH) IR_PM} (RUCH) (P_) (ADML)

(RUFSM'T)
45 114 14T.2979 i41.393 l|1.614 1.730 1.90|_+04 Z.451E÷04 1.140E-01 1.3524 1.00

1.06_
46 116 150.3155 145.211 i17,443 1.730 1.917E÷04 Z,475E+04 1.111E-01 1.3529 1.00

1.064
47 118 15),4693 149.013 193.235 1.729 1.926E+04 2.49|E+04 1,084E-01 1,3534 1,00

L.061
48 120 156,5503 152.965 199.273 1.729 1.935E÷04 2,520E+04 1.056E-01 1.353| 1.00

1.059
49 122 159.62|4 156.432 204.032 1,729 1.944E+04 2,535E+04 1.032E-01 1.3547 1.00

1.057

50 124 162,7032 159,971 Z0t,|90 1.729 1.953[÷04 Z.551E+04 1,009E-01 1.3556 l. O0

1.054
51 126 165.7754 163.465 213.666 1.729 1.963E+04 Z.565E+04 9.|71_-02 1.3565 L.00

1.052
52 i28 168.1342 167.096 21|,613 1.729 1,974E÷04 2.512Z+04 9.669E-02 1.3532 1.00

1.050
53 130 171.9123 170.721 223.644 1.729 1.9|1E+04 2.595E÷04 9.455E-02 1.35|1 1.00

1.04|
54 132 174.9765 174.347 221.633 1.729 1.990Z+04 2.609_+04 9.260E-02 1.3590 1.00

1.046
55 134 17|.03|3 171.019 233.666 1.729 1.999E÷04 2,624E+04 9.07]E-02 1.359| 1.00

1.044
56 136 1|1.0979 1|1.567 23|.492 1.729 2.00|E+04 Z,636t+04 |.902_-02 1.3609 1,00

1.042
53 138 1|4,1546 185.276 243.566 1.729 Z.01|Z+04 2.652R+04 |.729_-02 1.3615 1.00

1.041
58 140 167.20|6 I|$.$57 24|.662 1.72| 2.025E+04 Z.667E÷04 |.572E-02 1.3613 1.00

1.039
59 142 18|.|544 1%0.833 251.260 1.729 2.019E+04 2.659E+04 |.432E-02 _.3623 100

1.037
60 144 192.3216 194.450 255.529 1.729 2.044_+04 2.6|7E+04 8.334E-02 i 3637 1.00

_,037
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RECOVERY and EDGE GAS ENTHALPIES

(RSRM PBAN TP-H1148 @ Pc =700 psi)
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RSRM NOZZLE WALL ENTHALPY

(MELT output; Pc =700psi)
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SAMPLE ACE SURFACE THERMOCHEMISTRY

(RSRM Nozzle Throat Problem)

0110200000 3400.0 44.9100

5

I HYDROGEN 1.008 -.03747

6 CARBON 12.011 -.11298

7 NITROGEN 14.007 -.08773

8 OXYGEN 16.000 -.24802

17 CHLORINE 35.457 -.21104

C .... Include JANNAF card deck here

3000100000 25.80

0000000001 -4000.0 25.80

0000000001 -3500.0 25.80

0000000001 -3000.0 25.80

0000000001 -2500.0 25.80

0000000001 -2000.0 25.80

0000000001 -1500.0 25.80

0000000001 -I000.0 25.80

0000000001 -500.0 25.80

1003000004

7 9

3.00 2.000 1.00

1.00 0,750 0.50

0.001

8

-0.137

-0.405

-0.017

-0,441

-i.000

INPUT FILE

ST15

0°75 0.50 0,250 0.I00

0,i0 0.050 0.025 0°010 0.005
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SAMPLE ACE SURFACE THERMOCHEMISTRY OUTPUT FILE

(RSRM Nozzle Throat Problem)

25.g000 0.00000

25.$000 0.00000

25.g000 0,00000

25.$000 0.00000
25.g000 0.00000

25.g000 0.00000

25.g000 0.00000

25.g000 0,00000

25.|000 3.00000
25.g000 3.00000

2S.gO00 3.00000

25,1000 3.00000

25.|000 3.00000

25.4000 3.00000

25,0000 3.00000

25.4000 3.00000

25.4000 3.00000

25.|000 3.00000

25,|000 3.00000

25.4000 3.00000

25.g000 3.00000

25.|000 3.00000

2S.lO00 0.00000

25.|000 0.00000

25.0000 0.00000

25.4000 0.00000
25.g000 0.00000

25.5000 0.00000

25.g000 0,00000

25.g000 0.00000

25.1000 0.00000

25.g000 0.00000

25.8000 0.00000

25.g000 0.00000

25.4000 0.00000

25.8000 0.00000

2S.g000 0.00000

25.|000 1.00000

25.|000 1.00000

25.g000 1.00000

25,|000 1,00000

25.|000 1.00000
25.1000 1.00000

25.4000 1.00000

25,g000 1.00000

25.g000 1.00000

25.1000 1.00000

25,4000 1.00000

25,1000 1,00000

25.1000 1.00000

25.0000 1.00000

25.1000 1.00000

25.|000 1.00000

25.4000 1.00000

25.|000 1,00000

25.g000 1.00000

25.8000 1.00000
25.g000 1.00000

25.$000 1.00000

25,4000 1.00000

25.8000 1.00000

25,g000 0_75000

25.g000 0.75000

25,1000 0.75000

25.g000 0,75000

25.4000 0.75000

25.g000 0.75000

25.4000 0.75000
25.g000 0.75000

25.1000 0.75000

25.1000 0.75000

25.g000 0.75000
25.4000 0.75000

25.1000 0.75000

25,4000 0.75000

25.1000 0.75000

25,|000 0.75000

25.4000 0.75000

25.4000 0.50000

25.|000 0.50000

25.1000 0.50000
25.g000 0.50000

25.1000 0.S0000

25.4000 0.30000

25.8000 0.S0000

25,|000 0,50000

25.0000 0.50000

25.4000 0.50000

25.4000 0.50000

25.$000 0.50000

25.4000 0.50000

25.4000 0.50000

25.1000 0.50000

25.1000 0.50000
25.1000 0.50000

25.1000 0.50000

25.4000 0.50000

25.g000 0.25000

25.g000 0.25000

2S.I000 0.25000

0.000004000.00000.667 1390.$95 681.0|9-1

0.000003500.00000.667 1057.521 444.300-1
0.000003000.00000.667 730.529 204.437-1

0.000002500.00000.667 412.835 -29.350-1

0.000002000.00000.667 106.824 -255.109-1

0.000001500.00000.667 -1|7.042 -472.424-1

0.000001000.00000.667 -467.615 -6|0.050-1

0.00000 500.O0000.467 -72|.434 -471.754-1
1,000003445.51770.667 3641._1 22|0.1|1 1

0.750003330,42060.667 3307,144 1996.652 1

0.500003103.01440.667 2916.952 1676.443 1

0.100002?79.44820.667 2065.022 1015.200 1

0.050002687.72710.$67 1909.792 901.109 1

0.025002632.17360.667 1421.325 137,142 1

0.010002594.325|0.667 1763.232 795.$73 I

0.0050025|0.76330.667 1742.411 711.052 1

0.001002569.52610.667 172&.060 769.163 1

0.001002500.00000.467 1631.949 713.5|0 0

0.001002000.00000.667 1001.290 317.451 0

0.001001500.00000.667 379.868 -96.717 0

0.001001000.00000.667-1016.461-116|.|46 0
0.00100 500.00000.667-175S.770-1760.213 0

1.000004190.26550.667 4034.633 3|42.765 1

0.750004064.94190.667 4236.154 3227.403 1

0.500003057.50140.667 3347,010 2317.002 1

0.100001303.41520.667 -250,113 -431.525 1

0.300003531.35120.667 2256.071 1460.022 1

0.200003117.64020.667 1473,469 g51.431 1

0.150002432.41050.667 949.515 460.267 1

0.12500241|.9|_40.667 532.90| 167.902 1

0,112501446.35220.667 -i03.010 -306.705 1
0,11|752152.70310.667 360.414 27.433 I

0.115631609.46680.667 66.415 -1|2.g20 1

0.050001134.52160.667 -622.342 -750.387 1

0,025001064.29770.667 -120.767 -921.397 1

0.010001000,27310.667 -916.717-1051.215 1
0.00500 944.|5750.667-1105,742-1150.609 1

1.000003797.50940.667 4117.125 2905.911 1

0.750003657,17610.667

0,500003457.63990.667

0.100002651.14930.667

0.300003207.91210.667

0.200003010.97320.667
0.050002075.04740.667

0.075002494.m9930.667

0.025001294,10500.667

0.037501343,11700.667

0.043751395.33160,667

0.046001422.14510.667

0.048441454.97070.667

0.049221406,90550.667

0.04961205?.67300.667

0.049412040.23720.667

0.049322043.32760.667

0.049272040.81630.667

0,049242039.54500.667

0.010001255.63000.667

0.005001245.07900.667

3676.229 2443.132 1

3026.760 1490.529 1

1363.475 604.619 1

2355.987 1351.520 i

1933.271 1026.141 1

725.933 163.305 1

1147,157 450.749 1

-136.242 -431.214 1
-37.|13 -353.639 1

32.454 -300.542 1

05.606 -261.717 I

128.450 -231.379 1

166.162 -204.732 1

709.704 152.540 1

700.923 146.724 1

696.362 143.705 l

694.031 142.162 l

692.152 141.383 1

-229.105 -507.653 1

-25|.312 -531.331 1

0.001001237.16020.667 -200.529 -549.404 L
0,001001000.00000.667-1014.270-1139.300 0

0.00100 500,00000.667-1703.365-1680.050 0

1,000003|73.55470.667 4314,930 3066.623 I

0,750003732,12000.667 3774.916 2567,799 1

0.500003525.63010.667 3069.703 195|.g90 1

0.100002595.41630.667 1172.990 492.|70 I

0.300003257,63010.667 2323.531 1356.261 i

0.200003036.74350.667 1045.441 990.429 1

0.050001326.00710.667 -99.937 -305.966 1

0.075002306.22120.667 059.775 272.022 1

0.062501429.37400.667 53.705 -269.796 1

0,069752152.56900.667 715.300 174.267 I

0,065632005.10_0.667 504.747 06.572 1

0,025001247.99030.667 -272.241 -526.614 1

0.010001216.64660.667 -351._1 -599.140 I
0.005001207.29000.667 -386.956 -623.669 1

0.001001200.07310.667 -409.1|9 -042.639 1

0.001001000.00000,667-1012.701-1130.030 0

0.00100 500.00000.667-1695.|10-1654.645 0

1.000003962,30990.667 4465.040 3266.730 I

0.750003922.00020.667

0.S00003610,13060,667

0.100002473.31170,667
0.300003322.01030.667

0.200003070,67090.667

0.150002067,47110.667

0.050001262.99250.667

0.075001306.47730.667

0.00750222|.35930.667

0.001251540.70310.667
0,004302110.46440.667

0.0|2012016.43020.667

0.025001202._43|0.667

0.010001173.62430.667

0.0050011_4.29400.667

3497.644 2727.996 l

3131.147 2052.022 1

911.902 337.175 l

2291,730 L369,311 1
1741.694 946.01| L

1399.045 690.230 1

-261.744 -497,090 1

-47.006 -325.311 1

661.623 175.047 l

117.790 -205.992 1

501.306 106.935 1

504.317 54.562 1
-416.623 -620.911 l

-505.701 -705.679 1

-535.622 -731,463 1

0.001001156.17110.667 -559.037 -752.352 1

0.001001000.00000.667-1010.340-1117.220 0
0.00100 500.00000.667-1660.631-1619.006 0

1.000004066.05110.&67 4639.020 3519.496 l

0.750003911.10230.667 4050.579 2940.045 1

0.500003717.55140.667 3219.041 2107,059 I

CHAR 0.000E÷00

CHAR 0.000E+O0

CHAA 0.O00E+O0
CHAR 0.0000+00

CHAR 0.000E+00

CHAR 0.0000÷00

CHAR 0.000Z+00

CHAR 0.O00E+00

C* 0.000Z+O0

C ° 0.000E+00
C* 0.000Z+00

C* 0.000E+00

C* 0.000E+00

C* 0.000E+00

C* 0.000E+00

C* 0.000¢+00

C* O,000E+00

CHAR 0,000E+00

CHAR 0,000Z+00

C3fAR 0.000E+00

CHAA 0.000E+00

CHAR 0.000Z+00

C* 0,000E+00
C" 0.000_+00

C" 0.000_÷00

C" O.O00E+O0

C* 0.000E+00

C* 0.000E÷00

C" 0.000E+O0

C* 0.000E÷O0

C" 0.000E+00

C* 0.00a_+00

C" 0.000E+00

C" 0.000£+00

C* 0.O00E÷O0

C* 0.000E+00
C* O.O00E÷O0

C* O.O00E÷00

C* 0.000Z+00

C* 0.000E+O0

C* 0.000E+00

C ° 0,000g+00

C" 0,000E÷00

C* 0,000Z÷00

C" 0.000E+00

C" 0.000E+00
C* 0.000E+00

C* 0.000E+00

C* 0.000E+00

C* 0,000E+00

C* 0.000t÷00

C" 0.000Z+00

C* 0.000E+00

C" 0.000E+00

C" 0.000E+00

C* 0.000E÷O0

C* 0.0000+00

C* 0.000E+00

C° 0,000E+00

CHAR 0,O00E+O0
CHAR 0,000E+00

C* 0,O00E÷O0

C* 0.000E_O0

C" 0.000E÷00

C* 0.0000+00

C* 0.000E+00

C* 0.000E+00

C° O.O00E÷O0

C* 0,000E+00

C* 0,0000+00

C" 0.000E+00

C* 0.000E+00

C* 0.000E+00
C* 0,000E+00

C" 0.000E+00

C* 0.000E+00

CHAR 0.000E÷00

CHAR O.000E+O0

C* O.O00E+O0

C" 0.000E+00

C" O.O00Z÷O0

C" 0.O00E+00
C* 0.000£+00

C* 0.000E+00

C" 0.000E+00

C* 0.000E÷00

C" 0.000[+00

C" 0.000£÷00

C ° 0.000[+00

C* 0.000E+00

C* 0.000E+00

C" 0.000E+00

C" 0,000E+00

C* 0.000[÷00

C* 0.000E÷00

CHAR 0.000E+00
CHAR 0.000E+00

C° 0.000E+00

C" 0.000E+00

C* 0.000E÷00
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2 S. |000

2.5. IO00

25. 8000

25, gO00

2.5.4000
2.5.8000

2 S. II000

25.1000

,?.5. I000

25.11000

25. I1000

2 S. I1000

25. 8000

2 $. II000

2 r,. $000

2 S. I1000

25. I1000

25. 4000
25, I000

2.5. gO00

25. 8000

25. gO00

25. $000

25.4000

2 ,5. |000

25. gO00

25. gO00

25.11000

25,4000

2 S. I1000

25. |000

25. 8000

25. 8000

25. I000
2`5. $000

2 `5. 8000

0.25000

0.25000

0.25000

0.2S000
0.25000

0.25000

0.25000

0.25000

0.25000

0.25000

0.25000

0,25000

0.25000

0.25000

0.25000
0.25000

0.25000

0,25000

0.10000

0.10000

0.I0000

0.10000

0.10000

0.10000

0.10000

0.10000
0.10000

0.10000

0.10000

0.10000

0.10000

0.10000

0.I0000

0.10000

0.100o0

0.10000

0.100002022,43600.667

0.300003401.&7140.6&7

0.200003117.62660.667

0.150002159.34150._7

0.12500263|.9,460.667

0,112602457.05470.667

0.05000120$.41S30.667

0.076001210.95540.667
0.017501347.19130.567

0,093751414.16360.667

0.0N881493.31860.667

0.068441715.26g_0.6&?

0.025001149.29490.667

0.010001116.11400.44?

0.005001105.53430,667

402.030 14.217

2265.480 139|.2|9
161|.$76 $99.322

1204.175 590.422

935.301 393.543

753.G31 262,332

-426.23? -611.334

-256.3|0 -445.711

-141.331 -377.112
-67.050 -313.991

1.122 -2S1.106

181.155 -137.110
-5|7.323 -751.511

-6|9.434 -|3_.775

-726.496 -070.591

0.0010010qJ_..1|$00.667 -?55.403 -g96.199

0.001001000.00000.667-1006.476-109|.754

0.00100 500.00000.547-1422.013-1564.137

1.000004138.39500.667 4754.194 3703.631
0.750004008.03670.667

0.500003794.13S60.667

0.100001362.$7520.567

0.300003476.55440.6&?

0.200003155.|0710.567

0.150002847.0|010.547

0.125002582.25040.547

0.112502179.45610.667

0.1062514(_.39360.6&T

0.109381895.18190.667

0.050001166.09730.667

0.02500110S.49170.&67

0.010001064.13060.669

0.005001047.52610.567

4151.058 3101.525

3291.17S 2297.105

-160.589 -366.919

22S6.627 1429.601
lS34.170 870.277

1040.393 517.013

731.139 275.374

438.146 53.892

-$7.002 -2|?.154

243.023 -74.230

-537.1_4 o690.012

-714.0t6 -844.280

-837.965 -941.951

-88S.433 -S80.540

0.001001032.40550.65? -927.115-1023.439

0.001001000.30000.667-1003.420-1083.504

0.00100 500.00000.567-1`517.539-1$20.140

1 C"

1 C*

1 C"

1 C"
1 C"

1 C*

1 C"

1 C"

1 C"

1 C*

I C*

1 C"

1 C"

1 C"

1 C"

1 C"

0 CJ4N_

0 C'HA_
1 C"

1 C"

1 C"

1 C*

I C"

1 C"

1 C"

1 C"

1 C"

1 C"
1 C"

1 C"

1 C*

1 C*

1 C"
1 C"

0 CHJ_q

0 CHAR

0.000E+00

0.000_+00
0.000E+00

0.000E+00

O.000E+00

O.O00t÷O0

0.000_÷00

O.O00E+O0
0.000E+00

O.O00Z÷O0

0.000E+00

0.000E+00

0.000E+O0
O.O00Z÷O0

0.000E÷00

0.000_÷00

0.000E+O0

0.000E+00

0.O00E÷00

0.000E÷00

O.O00E÷O0

0.000E+00

O.O00Z+O0
0.000E+00

0.000E+00

O.O00Z+O0

O,O00Z+O0

O.O00Z+O0

0.000E÷00

0.000Z+00

0.000E÷00

0.000E+00

0.000E+00

O.O00Z÷O0

O.O00E+O0

0,000£+00
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SAMPLE CMA INPUT FILE FOR RSRM THROAT PROBLEM

ACZ/CMA HODZL - vkbk, vol.2 pFOD.(_IT: Or-S25:Hr-730:H/C1'--O.751)

RODEL:I-D;3.71"CC/Pi0DEG ply):0.25"SI/P(0 D_):0,S0"d6ac;DM-lPtraom

MTI PROPS. FOR SLIP; CC/P DECOIf. CONSTAMTS: NO BACKWALL O;rC-0.27
A 20.25 0.000 ,140E05

B 60.75 52.40 .44|E10

C 97.40 97.40 0.0000

49 2 0.0 430.0 0.10

1.000 I0.00 0.005 -36_.00

3.710 3,960

i 520.0 0.0010 20.930

I 520.0 0.0020

i 520.0 0,0030
1 520.0 0.0040

520.0 0.0100

I 520.0 0.0100

1 520,0 0.0100

I 520.0 0.0100

1 520.0 0.0100

1 520.0 0.0500

I 520.0 0.0900

1 520.0 0.0900

i 520.0 0.0900

I 520.0 0,0900

I 520.0 0.0900

i 520.0 0,0900

1 520.0 0,0900

1 520.0 0,0900

I 520.0 0.0900

1 520.0 0.0900

: 520.0 0.0900

I 520.0 0.0900
L 520,0 0.0900

1 520.0 0.0900

I 520.0 0.0900

1 520.0 0.0900

i 520.0 0.0900

i 520.0 0.0900

1 520.0 0.0900

1 520,0 0.0900

i 520.0 0,0900

I 520.0 0.0900

I 520.0 0.0900

i 520.0 0.0900

I 520.0 0.0900
I 520.0 0.0900

1 520.0 0.0900

i 520.0 0.0900

I 520.0 0.0900

i 520.0 0,0900

1 520.0 0.1000

1 520.0 0.1000

1 520.0 0.1000
1 520.0 0.2000

i 520.0 0.2000

I 520.0 0.2000

3 520.0 0.1250

3 520.0 0.1250

4 520,0 0,500

0.2?

530.0 0.257 0.0001200 0.150

gO0.O 0.351 0.0001721 0.150

1000.0 0,421 0.0001761 0.150

1160.0 0.450 0.0001771 0.150
1500.0 0.450 0.0001930 0.450

1100.0 0.466 0,0001|30 0,|50

19aO.O 0.469 0.0001130 0.150

2160.0 0.474 0.0001830 0.950

2520.0 0,412 0.0001130 0.150

2700.0 0.416 0.0001130 0.150

3600.0 0.495 0.0001930 0.150
4500.0 0.499 0.0001930 O.ISO

5400.0 0.500 0.0001130 0.|50

6300.0 0.500 0.0001830 0.150

"1 0750.0 0.500 0.0001|30 0.150

530.0 0.230 0.0001030 0.|50

960.0 0.320 0.0001700 0.IS0

1460.0 0.330 0.0001900 0.150

1960.0 0.380 0.0002900 0.$50

2460,0 0.450 0.0003|00 0.150

3460.0 0.500 0.0005900 0.450

4460.0 0.520 0.0001300 0.150

5460.0 0.525 00010|00 0.150

"1 6460,0 0.525 0.0013300 0,450
3 I01.$

530.0 0.260 0,0000_40 0.|50

400,0 0.275 0.0000943 0.150

lO00.O 0.290 0.0000943 0.150

1160.0 0.310 0,0000944 0.150

1500.0 0.472 0.0000944 0.150

2000.0 0.414 0.0000944 0.150

3000.0 0.416 0.0000944 0,$50

3500,0 0.496 0.0000944 0.150

4000.0 0.491 0.0000944 0.150

-1 5000.0 0.500 0.0000944 0.450
4 499.4

400.0 0.107 0,00611
600 0 0.110 0.00641

700.0 0.I15 0.00_94

lO0.O 0.120 0.00616

900.00 0,_25 0.00674
I000.0 0.130 0.00660

1200,0 0.145 0.00625

1400.0 0.160 0.00576

3.0 ,1540E05 1000.0

3.0 .36|0g05 600.0

0.00 0,00 9000.0

1,00 10.00 .I0 0.40

0.000 0.0 =0.330 536.0
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1600.0 0.275 0.0052|

2000.0 0.165 0,00628

3000.0 0.165 0.00425

4000,0 0.165 0,00425

5000.0 0.165 0.00425

+L 6000.0 0.165 0.00425

530.0 800.00 1000.0 1160.0 1500.0

-16|0.0 -1320.0 -1050.0 -130.00 -343.0

2 2520.0 2700.0 3GO0.O 4800.0 5400.0

1140.0 1375.0 2655.0 3520.0 4604.0

0.0 ?30.0 528.0 1.0485 25.8000

10.00 730.0 525.0 1.0394 25.0000
15.00 730.0 523.0 1.0303 25.8000

20.00 ?30.0 $23.0 1.0248 28.|000

23.00 730.0 525.0 0.9545 23.8000

40.00 730.0 525.0 0.1013 25.1000

52.00 730,0 525.0 0.7403 25.1000

60.00 ?30.0 525.0 0.7877 25,8000

75.00 730.0 525.0 0.?960 23,|000

80.00 730C 525.0 0.7706 25.0000

30.00 730._ 525.0 0.?022 25.8000

100.0 ?30.0 525.0 0.6294 25.8000

110.0 730.0 525.0 0.5482 25.1000

115.0 730.0 525.0 0.2199 25.|000

120.0 ?30.0 525.0 0.0503 25.0000

123.0 730,0 525.0 0,0503 25.|000
123.0 0.0S0 0.000

I 430.0 O.OSO 0.000

0.715 1.0000 1
25.$000 0.00000

25.0000 0.00000

23,8000 0.00000

25.6000 0.00000

25.8000 0.00000

25.6000 0.00000

25.8000 0.00000

25.8000 0.00000

25.|000 3.00000

25.8000 3.00000

25,|000 3.00000

25.8000 3.00000

25.8000 3.00000

2S.i000 3.00000

25r|000 3,00000
25.4000 3.00000

25.|000 3.00000

25,|000 3.00000

"25.$000 3.00000

2S.gO00 3.00000

25.8000 3.00000

25.1000 3.00000

2S.g000 0.00000

25.1000 0.00000
25.8000 0.00000

25.8000 0.00000

25.8000 0.00000

25.8000 0.00000

25.|000 0.00000
25.1000 0.00000

25.$000 0.00000

26.1000 0.00000

25.|000 0.00000

23.i000 0.00000

25,0000 0,00000

25.8000 0.00000

25.8000 0.00000

25.8000 2.00000

25.1000 1.00000

25.1000 L,00000

25.|000 1.00000
25,g000 1,00000

25,$000 1,00000

25.g000 1.00000

26.g000 1.00000

25.8000 1.00000

25.8000 1.00000

25.g000 1.00000

25.|000 1.00000

1|00.0 1900.0

|36.0 351.30
6300.0 8750.0

6554.0 g224.0

25.0000 1,00000 0.003001246.07960,667 -258.312 -531.331 1 C °
25.8000 1.00000 0.001001237.16620.867 -2|0.$29 -$49.||4 I C"

25.1000 1.00000 0-0010010u0,00000.667-1014.271-1139.308 0 CHAR

2S.g000 1.00000 0.00100 500.00000.667-1703.365-16g0.030 0 CH_'R

25.4000 0,?$000 1.000003173.55170.667 4311.930 3066,623 $ C"

25.g000 0.75000 0.750003?32.12|g0.667 3774.916 25£7.?99 1 c,

25.0000 0.?S000 0.300003525.63|10.££? 3069.?63 195e.000 i C"

25.1000 0.73000 0.100002893.g1630.667 1172.990 492.8?0 1 C*

25.0000 0.75000 0.30000325?.63010.86? 2323.531 1356.261 1 C °

25.|000 O.?SO00 0.200003036.743S0.6£? 1045.441 988.429 ] C*

25.8000 0.75000 0.050001326.08710.667 -99,937 -3|S.966 1 C"

25.|000 0.75000 0.0?5002308.22120.6£? |59.7?5 2?2.822 2 C °

25.g000 0.75000 0.062501429.3?400.6£7 53.?05 -269.706 I C"
25.$000 0.?5000 0.068752162.$69|0.667 715.3|0 I74.26? 2 C"

25.1000 0.?S000 0.065632008.10660.667 584.?4? 86.5?2 1 C*

25.0000 0.75000 0.026001247.99830.667 -272.241 -526.614 i C"

25.g000 0.75000 0.010001216.64660.667 -330.961 -599.040 1 C"

25.8000 0.75000 0.005001207.29000.667 -316.956 -623,669 I C"

25.8000 0.?3000 0.001001200.07310.667 -409.109 -642,639 I C °

25.g000 0.75000 0.001001000.00000.667-1012.701-1130.030 0 CIUd_

25.0000 0.?5000 0.00100 500.00000.667-1665.810-1634.645 0 CHAR

25.8000 O.SO000 1.000003962.36990.667 4465.040 3266.730 2 C"

0.000004000.00000.6£? 1390,$95 610.019-1

0.000003500.00000.£6? 1057.$2| 444,310-1 C1LAR

0.000003000.00000.6£? ?30.529 204.437-1

0.000002500.00000.66? 412.035 -29.350-1 CHAR

0.000002000.00000.£67 106.624 -255.109-1 CHAR

0.000001300.00000.8£7 -107.082 -472.424-1 CHAR

0.000001000.00000,667 -487.615 -600.050-1 C/'UHR

0,00000 500.00000.6£? -728.434 -071.750-1

1.000003445.51770.667 3641.961 22|0.1|1 1 C"

0.750003330,42060.667 3307.144 1996.652 1 C"

0.S00003103.01440.667 2916.952 1676.443 1 C"

0.I00002979.44820.867 2085.022 1015.200 1 C °

0.0500026g?.72760.667 1909.792 901.109 I C °

0.025002632.17360.667 1821.325 037.142 1 C"
0.010002594.32560.8£? 1963.232 795.5?3 1 C"

0.005002580.76350.667 1742.|18 781.052 1 C*

0.001002569.52610.66? I726,060 769.163 1 C"

0.001002500.00000.66? 1631.949 713.510 0 CH3_

0.001002000.00000.669 1001,290 317,451 0 CKA_

0.001001500,00000.667 399.06| -96.797 0 CHAJ_

0-001001000.00000.667-1016.461-116|.|48 0 CHAJ_

0.00100 500.00000.667-1755.??0-1760.213 0 CHAR

1.000004190.265S0.667 4034.653 3842.785 i C"
0.750004064._4190.££? 4236.154 322?.483 i C*

0.500003837.30140.667 3347,|$0 2367.802 1 C"

0.100001303.41520.68? -258.113 -431.S28 1 C"

0.300003531.35120.££? 2236.071 1460.022 1 C°

0.200003187.64020.68? 1473.469 851.431 1 C"

0.130002032.01030.667 949.315 460.267 1 C"

0.125002410.90940.£&? 532.900 167.982 i C"

0.11230144£.35220.££? -103.010 -306.703 1 C*

0.118752132.7|310.667 360.414 27.|33 1 C"

0.115631669.46610.667 66,413 -162.|26 1 C °

0.050001134.52160.667 -622.342 -?S0,367 1 C °

0.0250010£4.29??0.££? -|20.?£? -921.597 I C*

0-010001000.27310.667 -906.707-1050.215 1 C °
0.00500 944.|5750.667-1105.742-1150.609 I C*

25.0000 1.00000 1.000003797.50940.867 4157.125 2905.910 1 C"

25.8000 1.00000 0.730003639.17610.667 36?6.229 2443.832 I C*

23.0000 1.00000 0.30000345?.63990.66? 3026.?68 1090.529 1 C"

25.g000 1.00000 0.100002£56.14030.66? I363.475 604,619 1 C °

25.g000 1.00000 0.30000320?,91210,6£? 2335.9|? 1351.520 l C °

25,g000 1.00000 0.200003010.97520.86? 1933.271 1026.141 l C"

25.4000 1.00000 0.0500020?5.04?40.68? ?25.933 163.305 1 C*

23.0000 1.00000 0-0?5002404.09630.66? 1147,I57 450.749 1 C"

0,025001294.10500.6_? -136.242 -431.214 1 C"

0.037501343.11700.667 -37.013 -353.639 1 C"

0.043731383.33160.$£? 32,4S4 -300.$42 1 C°

0.046661422.14510.£6? 65.666 -261.717 i C"

0.04|441434.97070.667 12|.436 -231.379 1 C°

0.049221466.90330.667 166.|62 -204.732 1 C*

0.049612037.67300.667 ?09.?04 152.$40 1 C"

0.04941204|.23720.667 ?00.923 146.724 1 C °

0.049322043.32?£0.8£? £_.362 143.705 1 C*

0.049272040.81630.667 694.031 142.162 I C*

Q.049242039.54860.667 £92.052 141.303 i C"

0.010001235.63000.667 -229.005 -50?.653 I C"

7-1-54

2160.0

614.80

0.000E÷00

0.000Z+00

0.000E÷00
0.000_+00

0.000E+00

0.000[÷00

0,000E+00

0.000Z+00

O.O00B+O0

0.000[+00

O.O00E+O0

0.000E+00

0.000E+00

O.O00E+O0

0.000_÷00
0.000[÷00

0.0000÷00
O,O00Z÷O0

0.000E+O0

0.000Z+00

0.000E+00

0,000E+00

O.O00E+O0

O.O00E+O0

0.000Z+00

0.000[÷00

0.000E+O0

0.000[÷00

O.O00E÷O0

O.O00E÷O0

0.000_÷00
0,000E+00

0.000E+00

0.000£+00

0.000[+00

0.0006+00

0.000Z÷00

O.O00Z+O0
O.O00E+O0

0,000E+00

0,000E+00

0.0006+00

0.0006+00

O,O00E÷O0

0.000B+00

0.000Z+00
0.000[+00

O.O00B+O0

0.000_+00
0.000E÷00

0.000[+00

0.000_+00

O.O00B+O0

O.O00E+O0

0.0000+00

0.0006+00

O.O00Z+O0

0.0006+00

0.0000÷00

O.O00E÷O0

0.000_÷00

0.000E÷00

O.O00E+O0

O.O00E+O0

0.0006+00

0.000[+00

0.000E+00
O.O00E÷O0

0.0000+00

0.0000+00

O.O00Z+O0

O.O00E÷O0

0.000Z+O0

0.000E÷00

0.000Z÷00

O.O00E+O0

O.O00E÷O0
0.000E+00

0.0000÷00



25.10000.50000

25.1000 0.50000

25.1000 0.50000

25.1000 0.50000

25.4000 0.50000

25.|000 0.50000

25,|000 0.50000

25,|000 0.30000

25.|000 0.30000

25.8000 0.50000

25.8000 0,50000
25.|000 0.$0000

25.8000 0.50000

25.4000 0.50000

25.1000 0.30000

25.8000 O.SO000

25.4000 0.30000

25.|000 O.SO000
25.|000 0.25000

25.|000 0.25000

25.|000 0,23000

25.|000 0.25000

25.8000 0,25000

25,8000 0.23000

25.|000 0.25000

25.|000 0.25000

25.8000 0.25000

25.8000 0.25000

25.|000 0.23000

26.|000 0.23000

26.|000 0.25000

25.8000 0.23000

23.|000 0.23000

25.|000 0.25000

25.|000 0,23000
25.8000 0.25000

25.8000 0.23000

25.|000 0.25000

25.|000 0.25000

25,1000 0,10000

25.1000 0.10000
25.1000 0.10000

25.0000 0.10000

25,8000 0.10000

25.1000 0,10000

25.0000 0.10000

25.0000 0.10000

25.|000 0.10000

25.1000 0.10000

25.1000 0,i0000
25.1000 0,10000

25.1000 0.10000

25,1000 0,10000

25.1000 0,10000

25.1000 0,10000

25.1000 0.10000

25.1000 0.10000

0.950003|22.00020.669

0.300003610.13060.667

0.1000024?3.31170.667

0.300003322.01130.667
0.2000030?0.67|90.667

0.1500021&?.19110.669

0.050001262.98230.46?

0.0?5001386.4??]0,647

0.049502228.35930.6&?

0.051251540,?|310.469

0.0443|2110.46440,469

0.0|2|12014.43020.46?

0.025001202.94380.449

O.OtOOOll?3.42430.4&?

0.005001144.29400.46?

3|99.144 2929.996

3131.149 2032.122

911.982 339.175

2291.938 1349.311

1942.494 944.01|

1399.045 490.238

-241.988 -499.090

-4?.804 -325.311

491.423 195.849
ll?.?10 -205.9|2

541.304 104.935

504.319 54.542

-414,423 -424.911

-505.905 -?05.479

-535.422 -731,493

0.001001154.89810.449 -559.839 -952,332

0,001001000.00000.669-1010.348-1119.228
0.00100 300.00000.469-1660.431-1619.094

1.000004066.85110.449 4439.021 3519.496

0.950003931.10230.469

0,500003919.55140.469

0.100002022.43600.44?

0.300003404.49140.449

0.200003119.42630.469

0.150002959.34150.46?

0.125002631.99460.669

0.11250245?.054?0.66?

0.050001205.41530.66?

0.0?5001240.95540.64?

0,019501349.89130.467

0.093751414.86340.467

0.0_N_|81E93.31860.469
0.098441915.24890.467

0.025001149.29490.44?

0.010001116.81400.46?

0.005001105,53430.449

4050.579 2940.045

3219.881 2119.058

402.030 14.219

2245.480 1398.289

1418.594 099.322

1204,195 590.422

935.301 393.543

?$3,43! 242.332

-424.237 -411.334

-256.390 -465.911

-148.331 -399.112

-4?.050 -313.998

8.822 -234.109

181.155 -139,810

-5|?.323 -931.511

-649.434 -839.794

-726.494 -190,691
0.001001096.14300.64? -755.403 -194.199

0.001001000,00000.&&?-1004.496-1098.954

0.00100 500.00000.449-1422.013-L544.139

1.000004138.39300.449 4754.194 3703.631
0.750004000.03470.447

0.300003?96.83540.64?

0,100001362.39520.649

0.300003496.65440.647

0.200003155.80710.469

0.150002847.08010.447

0.125002542.25040.64?

0.1125021?9.46510.44?

0.106251464,39340.469

0.109381895.10190.46?

0.050001166.09?30.66?

0.025001105.49190.649

0.010001064,13060.469

0.005001049.42610.469

4151,051 3101.526

3291.195 2269.105

-140.589 -366.919

2256.42? 1429.401

1534,170 0?0.2??

1060.393 519,013
931.139 295,394

634.166 43.892

-59,002 -219.154

243.023 -94.230

-539.494 -690.062

-914.696 -844.240

-639.965 -946.951

-495.433 -966.540

0.001001032.40550.64? -929.|15-L023.439

0.001001000.00000.669-1003.420-1063.504

0.00100 500.00000.669-1597,539-1520.140

1 C*

1 C"

1 C*

1 C*

1 C*

1 C*

1 C*

1 C"

I C"

1 C*
1 C"

1 C"

1 C*

1 C"

1 C °

1` C*

0 CHAR

0 CVJ_

1 C*
1 C*

1 C*

1 C"

1` Co

1` C*

1 C*

1 C*

1` C*

1. C"
1 C t

1 C*

1 C*

1 C"

1 C*

1 C*

1` C"

1 C*
1 C"

0 CHAR

0 CHAR

1 C"

1 C*
1` C*

1 C °

1 C _

1 C*

1 C °

1 C °

1 C*
1 C*

1 Ct

1 C"

1 C*

1` C*

1 C*

1 C t

0

0

O.O00E+O0

O.O00E+O0

O.O00B÷O0

O.O00E÷O0
0.000E*00

0.000E÷00

0.0004÷00

0.000_+00

0.0004+00

O.O00Z÷O0

0.000E÷O0

0.000E÷00

0.000E+00

0.000E+00

0,000Z+00
0.000E+00

0.000E+O0

0.000E+00

0.000E÷00

0.000E÷00

0,000E+00

0.000_÷00

0.000E÷00

0.000E÷00

O.O00E+O0

0,000E+00

0,000_÷00

0,000Z+00

0.000£+00

0.000Z+O0

O.OOOZ÷O0

O.O00E÷O0
O.O00E÷O0

0.000[+00

0,000E+00

O,O00Z+O0

0.000E÷00

0,000[+00
0,000_÷00

0.000E_00

0.000Z+00

0,000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000_+00

0.000_+00

0.000E÷00

O.O00E÷O0

0.000[÷00

0.000[+00
0.000E+O0

0.000E+00

0.0004÷00

O.O00E÷O0

0,000E+00
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SAMPLE CMA OUTPUT FILE FOR RSRM THROAT PROBLEM
(Output Listed for Time = 120 Seconds)

AEROTHERM CHARRING MATERIAL THERMAL RESPORSE ARD ABLATION PRO_

PAGE

kCZ/CIqA MODEL - vJLbk, vol.2 prob. [MZIT: Or"S25:H_"730:H/CP-O,750)

M_EL: I-D:3.71"CC/P (0DEG plyl : 0.25"$I/P (0 DEG) :0.30"d&ac:_-|P_race

MTI PROPS. fOR 5I/P: CC/p DECk. CONSTANTS; /40 BACKNALL 0:rc-0,27

---REACTIOW KINETIC EQUATION---

DRMO/DTIME - C_ ( BA*EXP (-ZA/T)RMOOA{ [RHOA-RHORA)/PJ"IOOA} **PSIA )

÷ _ ( BB*EXP (-F-.B/T)RHOOB| (RHOB-RHORB)/AHOOB) **P$IB I

+ (I-GA_) ( BC*EXP (-_C/T) R_ I 4RHOC-RY_RC)/AHOOC) * *PSIC }

---REACTION KINETIC CONSTAMT$---

R.P...'4CT2 (_ RY,_O RHOR B PSI W T RF.AC
IZ,.B/C_ LrT) (1/$EC) (DEG R) (D_G R)

A 20.25 0.00 0.1400E÷05 3.00 0.1540E*05 1000.

B 60.75 32.40 0. 4400E+10 3.00 0.36|0E+05 600.

C 97,40 97.40 0 . 00O01t÷00 0.00 0.0O00E+00 9000,

RESIN _LUKE FRACTION. _ - 0.3721MASS FRACTION - 0.330)

---TIN_ INCRD_D_NT INFORMATIOM---

INITZJU. TIME (EEC) 0.000 FINAL TIME (SEC) 430.00

OUTPUT INTERVAL - 0.100 SEC FR(_I INITIAL TL_ELP/_TIL 1.000 s1rc

OUTPUT INTERVAL - 1.000 SEC FROM 1.000 SEC UNTIL 10.000 SEC

OUTPUT INTERVAL -I0.000 SEC FROM 10.000 $I_C UNTIL FINAL TIME

/_XIMUM TIME STEP -0.10 SECONDS

&EROTHERM CHARRING MATERIAL THERMAL RESPONSE AND ABLATION P_

PAGE 2

C_0,27

---MOOAL DATA---

NODE MATL TF._>_AAT_RE RELATIVE THINS NODAL DEPTH CONT. RESISTANCE

NO. NO, (DEG. P.AXKI NE) AREA ( INCHF.3 ) (INCHES) (SQFT-$-DleG/BTU)

1 1 520.00 0.2693E+02 0.00100 0.00OO00o 0.0000E÷00

2 1 520.00 0.2693E+02 0.00200 0,002000 0.0000E+00

3 1 520.00 0.2693E÷02 0.00300 0.004500 0.00OOZ+0O

4 1 520.00 0.2t94E÷02 0.00400 0.00|00O 0.0000E+00

5 1 520.00 0.2694g+02 0.01000 0.015000 0.0000g÷00

6 1 520.00 0.2&gsE+02 0.01000 0.025000 0.0000E+00

7 1 520.00 0.2696E÷02 0.01000 0.055000 0.0000E÷00

0 1 520.00 0.2697E+02 0.01000 0.045000 0.0000E+00

9 1 520.00 0.2699E÷02 0.01000 0.055000 0.0000g÷00

10 1 520.00 0.2701E+02 0.05000 0.0|5000 0.0000E+00

11 1 520.00 0.2700g+02 0.09000 0.155000 0.00OOE+O0

12 I 520.00 0.271|E+02 0.05000 0.245000 0.0000E÷00

13 1 $20.00 0.2727E÷02 0.09000 0.335000 0.0000E÷00

14 1 520.00 0.273EE+02 0.09000 0.425000 0.0000E+O0
15 1 520.00 0.274SE+02 0.09000 0.515000 0.0000E÷O0

16 I 520.00 0.2753E÷02 0.09000 0.605000 0.0000E÷00

17 1 520.00 0.2762[÷02 0.09000 0.695000 0.0000E+00

L0 L 520.00 0.2772E+02 0.09000 0.705000 0.0000E+00

19 1 520.00 0.2700E+02 0.09000 0.175000 0.00O0E+00

20 i 520,00 0,2790E+02 0,09000 0,965000 0.0000E+00

21 i 520.00 0.2791g+02 0.09000 1.055000 0.0000E+00

22 1 520,00 0.2IOIE+02 0.09000 1.145000 0.0000E÷00

23 1 520.00 0.2|17[+02 0.09000 1.235000 0.0000[+00

24 1 520.00 0.2126[÷02 0.09000 1.325000 0.0000E+00

25 1 520.00 0.2|35Ee02 0.09000 1.415000 0.0000E+00

26 1 520.00 0.2543E÷02 0.09000 [.505000 0.0000[+00

27 1 520.00 0.2|53E+02 0.09000 1.595000 0.0000E+00

2| 1 520.00 0.2|62E+02 0.09000 1.6|5000 0.0000[+00

29 1 520.00 0.2071E+02 0.09000 1.775000 0.0000E÷00

30 1 520.00 0.2|40[÷02 0.09000 1.165000 0.O000[÷O0

31 1 520.00 0.2559E+02 0.0SO00 1.S55001 0.0000[÷00
32 1 520.00 0.2898E÷02 0.09000 2.045001 0.0000E+00

33 L 520.00 0.2907E+02 0.0_M)00 2.155000 0.0000[÷00

34 1 520.00 0.251_E+02 0.05000 2.225000 0.0000[+00

35 1 520.00 0.2926E+02 0.09000 2,315000 0.00DOE+00

36 1 520.00 0.2S33E÷02 0.09000 2.405000 0.0000[÷00

37 i 520.00 0.2943E÷02 0.09000 2.495000 0.0000E+00

38 1 520.00 0.2952[+02 0.09000 2.585000 0.0000E+O0

39 1 S20.00 0.2960E÷02 0.09000 2.675000 0.0000E÷00

40 1 520.00 0.2969E+02 0.09000 2.765000 0.0000E÷00

41 1 520.00 0.29_9E+02 0.10000 2.160000 0.0000E÷00

42 1 520.00 0.2919E+02 0.10000 2.960000 0,0000E+00

43 i 520.0u 0.2999E+02 0.10000 3.060000 0.0000E+00

44 1 520.00 0.3014[+02 0.20000 3.210000 0.0000E+00

45 1 520.00 0.3034E+02 0.20000 3.410000 0.0000E÷00

46 I 520.00 0.3054E+02 0.20000 3.610000 0.0000E+00

47 3 520.00 0.3070E÷02 0.12500 3.772500 0.O000E+O0

48 3 520.00 0.30|3E+02 0.12500 3.897500 0.0000E÷00

19 4 520.00 0.3114[+02 0.50000 4.210000 0.0000[+00
*[HITIAL INTERNAL RADIUS 26.930 AREA PROP.TO RADIUS**I.00

MINIMUM THICKNESS 0f L,kST ABLATOR NODE (INCH_S) 0.0050

TH£A_ ARC i0 NODELZT5 A3SIGNED TO [ACH ABLATING NOOE

_EROTHERM CHARRING _ATERIAL THERMAL RESPORS[ A_D ABLATION pRO_RA_

PAGE 3
C-0.27

BAtE WALL CORVECTION BACK _ALL AE_ERVOIR

CO£F BTU/FTSQ-SEC-DEG R _MI$SIVITT _EMP[RATURE
0. 0000 0.000 0.00

---HEAT OF F_RMATION O_ MATERIAL CONSTITUENTS---

(BTU/LB)
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PLASTIC CHAR

-363.00 0.00

ENTHALPy DATUM TEIfleRAT'Jp.E - 536,000 DEG RANKINE

GAS

0.00

---MATERI_L THERMAL PROPERTY DATA---

MATERIAL t_D. i MATERIAL NO. 2 MATERIAL NOS. 3 THROUGH 10

VIRGIN P IA3T IC CHAR _ACK- UP

DECOtfOSING BAEK-VP VIRGIN MATERIALS 22,24,26.2e,30, CHAR MATERIALS 23,25.27.29,31

MATERIAL NO. i DENSITY - 91.300 LB/CU rT

TEMPERATURE SPECIFIC HEAT CONDUCTIVITY SENSIBLE EMISSIVITY

IDEG R) (E"_'U/LB-DEG)
530.00 0.2570

|00.00 0.3510

1000.00 0.4210

1160.00 0.4500

1500.00 0.4500

L|00,00 0.4660

1980.00 0.4690

2160.00 0.4740

2520.00 0.4120

2700.00 0.4160

3600.00 0.4950
4500.00 0.4990

5400,00 O.SO00

6300.00 O.SO00

6750.00 0,3000

MATERIAL NO. 2

TEMPERATURE SPECIFIC HEAT

(DEG R) (BTU/LB-DEG)

530.00 0.2300

960.00 0.3200

1460.00 0.3300

1960.00 0.3600

2460.00 0.4500

3460.00 0.3000

4460.00 0.3200

5460.00 0,$250

6460.00 0.5250

G_"fKAUPy

(BTU/FT-5EC-DEG) (BTU/LB)

0.0001200 -1.42 0.4500

0.0001721 10.26 0.8500

0.0001761 157.46 0.8500

0.0001770 227.14 0.|500

0.0001830 380.14 0.$500
0.0001030 517.54 0.|500

0.0001830 601.69 0,|500

0.0001|30 6|6.56 0.$500

0.0001030 854.64 0.0500

0.0001030 945.76 0.0500

0.0001130 13|7.21 0.0500

0.0001|30 1834.51 0.|500

0.0001430 22|4.06 0.4300

0.0001130 2734.06 0.|500

0.0001130 2959.06 0.1500

DENSITY - 73.222 _/¢U rT

OOWDUCTIVITT SENSIBLE EMISSIVITY

ENTHALPy

(BTU/I_'-SEC-DEG) (BTU/LB)

0.0001030 °1.65 0.|500

0.0001700 116.60 0.1500

0.0001900 279.10 0.4500

0.0002900 456.60 0.1500
0.0003000 664.10 0.4500

0.0005900 1139.10 0.1500

0.0006300 1649.10 0.|500

0.0010500 2171.60 0.8500

0,0013300 2696.60 0.4500

AEROTHERM CHARRING _TERIAL _ RESPONSE AND ABLATION pROGRAM

PA_ 4

c-0,27

MATERIAL NO. 3 DENSITY - 10l.|00 rRICU FT

TERPLqATURE SPECIFIC HEAT CGMDUCTIVITT

{DEG R! (BTU/LJJ-DEG) (BTU/_T-SEC-DEG)

530.00 0.2600 0,0000940
|00.00 0.2750 0.0000943

1000.00 0.2900 0.0000943

1160.00 0.3100 0.0000944

1500.00 0.4720 0.0000944

2000.00 0.4140 0.0000944
3000.00 0.4860 0.0000944

3500,00 0.4960 0.0000944

4000.00 0,4910 0.0000944

5000,00 0.5000 0.0000944

MATERIAL NO. 4 DENSITY _ 499.400 LBICU FT

TE_PERATI/RE SPECIFIC HEAT COWDUCTIVITY

(OEG R) (BTU/LJB-DEG) {BTU/FT-SEC-DEG)

400.00 0,1070 0.0061100

600.00 0.I100 0.0068100

?00.00 0.1150 0.0069400

100.00 0.1200 0.0061100
900,00 0.1250 0.0067600

1000.00 0.1300 0.0066000

1200.00 0.1450 0.0062500

1400.00 0.1600 0.0057600

1600.00 0.1750 0.0052000

2000.00 0.1650 0.0042500

3000.00 0,1650 0.0042500

4000.00 0.1GS0 0.0042500

5000.00 0.1650 0.0042500

6000.00 0.1650 0.0042500

"--RESIN 0ECQMPOSITION GAS SENSIBLE EMTHALPY---

TEJ'_ZRATURZ (DEC; R) 530.00 |00.00 1000.00 1160.00 1500.00

E_THALPY (BTU/LB; "164000 -1320.00 -1050,00 -030.00 -343.00

TEMPERATURE (DEG R) i|00_00 LgI0.00 2160.00 2520.00 2?00.00

ENTHALPY (BTU/LS) 136.00 351.30 614,40 1140.00 13 ?5,00

TE_2ZRATURE (DEG R) 3600.00 4500.00 5400.00 6300_00 6750.00

ENTHALPY (BTU/LB) 2655.00 3520.00 4604.00 6554.00 4224,00

I AEROTH_J4 CHARRING HAI"ZRIAL THERMAL RESPONSE AND ABLATION PROGAAM

PAGZ 5

c-0.2?

"--TIME DEPEMDENT _OUNOA_Y CONDITIONS---

TIME PROB RECOVERy RADIATION HEAT PRESSURE BLDNING
(SEC] OPTW ENTM_T HF.AT RATE coErF REDUCTION

(B'['U/I_) (_I"U/SO LeT° (T,.,B/SQ FT- (ATM) P.I_R.aJ_TER

SECOND} SECOND)

0.00 L ?30.00 525.00 1.0415 25,80000 0.400

i0.00 1 ?30.00 525.00 1.0394 25.10000 0.400

15.00 i _30.00 525.00 1.0303 25.40000 0.400

20.00 1 130.00 525.00 1.0248 25.40000 0.400
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25.00 1 730.00 525.00 0.9545 25.$0000 0.400

40.00 1 730.00 525.00 0.8043 25.|0000 0.400

52.00 1 730.00 525.00 0.74|3 25.40000 0.400
60.00 1 730.00 525.00 0.7677 25,10000 0.400

75.00 1 730.00 525.00 0,79i0 25.40000 0,400

|0.00 1 730.00 525.00 0.770& 25.00000 0.400

90,00 1 730.00 525.00 0.7022 25.|0000 0.400

100.00 1 730.00 525.00 0.62_ 25.40000 0.400

110,00 1 730.00 525.00 0.5482 25.40000 0.400

115.00 i 730.00 525.00 0.2199 25.10000 0.400

120.00 l 730.00 525.00 0.0503 25.80000 0.400

123.00 1 730,00 525,00 0.0503 25.400o0 0.400

TIME PROB VIeW RADIATION

ISZC) OPTN FACTOR HEAT RATE
(BTU/SQFT-

SECOND|

3 0.05 0.00

3 0.05 0.00
123.00

430.00

CHICHO - PHI/ |EX?[PHI)-1.) II_ZPJ_ PHI - 2.*_*M DOT/CHO. BRF IN T_

---S_I_rACE EOUILZBRIUM DATA---

RATIO OF _LA._S TO HEAT TRANSFER COEFFICIENTS - 0.715

UNEQUAL DIFFUSION EXPONrJ¢T - 0,887

NOMINAL SURFACE VIEW FACTOR - 1.000 (OPTION I)

FISSVRE _EL NOT USED FOR GAS TF.RMS

NO RADIUS CORRECTION ON CH

NO CHAR SNELL CORRECTION ON SUII_ACE RECZSSION

p - 25.|000 ^TM

TEHPERATURE EDGE EHTH TEMPERATURE _DGE ENTH TTJ4>ERATURE EDGE EHTH

(DEG RI AT T-WALL (DEG R) AT T-NAIL (DEG R) AT T-NALL
7200.00 123|.58 4500.00 -52.|3 1000.00 -1224.09

8300.00 799.88 3800.00 -459.20 90000 -1569 16

5400.00 387.99 2700.00 -850.38

AEROTHER_ CHARRING MATERIAL THERMAL RESPONSE AND N_I_TION pROGRAM
pAGZ 8

c--0.27

M-DOT-GA31CM " 3,0000 pRESSURE " 25.4000 ATM

TERK I M-DOT- CMEM, PROD SURFACZ TEMP M-DOT- CHEM. pROD SURFACE

(DEG R) CHAR/ON (ETU/LB) SPECIES (DEG R) CHAR/ON (BTUILE) SPECIES
900.00 0.0010 7|02.$2 46&9.79 0.0100 4556.33 C °

1800.00 0.0010 9010.21 4737.91 0,0250 4520.25 C"

2700.00 0.0010 3628.15 4837.91 0.0500 4444.11 C °

3600.00 0.0010 4641.37 5003.01 0.1000 4249.28 C"

4500.00 0.0010 4512.65 5729.43 0.5000 2426.45 C"

4825.15 0.0010 4573.60 C" 5994.78 0.7500 17|9.2| C"

4845.37 0.0050 4566,37 C" 8201.93 1.0000 451,3| C_

M-D_r-_S/C_ m 0.0000 PRESSU_ II_ . 25°8000 AT_

TF_.MP M-DOT- C_J4.PROD SURFACE _ M-DOT- C_t.PROD SURFACE

(DEG R) CHAR/CM (BTU/LB| SPECIES (DEC R| ClIAR/_ IBT'd/LB) SPECIES
1700.74 0.0050 1107.04 C" 4354.18 0,1230 -191.20 C"

1000.49 0.0100 957.82 C" 5099.07 0.1500 -414.38 C"

1915.74 0.0250 751.45 C" 5737,75 0.2000 -961.09 C"

2042.14 0.0300 503.57 C" 8358.43 0.3000 -2115.77 C"

2348.15 0.1000 85.29 C" 6943.50 0.$000 -4384.00 C"

2603.43 0.1125 -62.35 C" 7316.90 0.7500 -7040.84 C a

3041.04 0.1156 -111.59 C* 7542.44 _.0000 -9821.17 C"

3475.01 0.11|7 -135.97 C"

M-DOT-GAS/CM - 1.0000 pRESSURE - 25.4000 ATM

TEMP M-DOT- Ct_.M.PROD SURFACE TF_ M-DOT- CHEM.PROD SURFACE

(DEG R) CHAR/CM (BTU/LB) SPECIES (DEG R) CMAR/CN (BTU/LB) SPECIES
900.00 0.0010 3597.09 3673.47 0.0493 1505.80 C"

1100.00 0.0010 3073.20

2228.90 0.0Ol0 1802.94 C*

2241.14 0.0050 1554.41 C"

2260.13 0.0100 1518.14 C"

2329.39 0.0250 1389.48 C"

2417.61 0.0375 1245.13 C"

2493.80 0.0437 11|2.43 C"

2559.86 0.0489 1147.13 C*

2614.95 0.0484 1127.0| C"

2676.43 0.0492 1117.96 C"
3671.11 0.0492 1505.73 C"

3877.99 0.0493 1505.92 C"
3816.|3 0.04%4 1308,14 C'

3703.11 0.04_ 1508,53 C"

3735,09 0.0500 1507.08 C"

4472.|2 0.0750 1407.12 C"

4784.87 0.i000 1315.19 C*

5419.75 0,2000 704.24 C"

5774,24 0.3000 270.49 C"

6223.75 0.5000 -1024.3| C'

85|2.92 0.7500 -2549.45 C*

6435,52 1.0000 -4303.92 C"

M-DOT-G*%._/CM " 0.7500 pRESSURE " 25.8000 ATM

TEMP M-DOT- C}_J4. PROD SURFACE TE_ M-DOT- CHEM.PROD SURFACE

(DEG R) CHJ_/CM (BTU/LS) SPECIES (DEG R) CH_/C_ ¢BTU/LS) SPECIES

900.00 0.0010 3071.38 3874.83 0.0684 1095.64 C"

1400,00 0.0010 3136.27 4151.20 0.0750 _074.75 C*

2160.13 0.0010 1423.93 C" 4672.47 0.1000 957.50 C"

2173.12 0.0050 1388.41 C' 5466.14 0.2000 341.18 C*

2119.96 0.0100 1339.67 C" 5483.73 0.3000 -207.57 C"

2248.40 0.0250 1199.45 C" 6346.15 0.5000 -1636.65 C"

2348.40 0.0500 963.62 C ° 6717.|3 0.7500 -3344,75 C"

2572.47 0,0825 839.76 C ° 8972.41 1.0000 -5323.59 C*

3609.19 0.0658 1095,79 C"

AEROTHERM CHARRING MATERIAL THERMAL RESPONSE AND N_LATION pRO(_J_I
PAGZ ;

c-027
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M-DOT-GAS/C)I - 0.3000" PRESSURE * 2S.1000 ATM

TE_I_ H-DOT- CMEM. PROD SURFACE _ M-DOT- CHEM. PROD SURFACE

(DEG R) CHAR/C34 (BTU/LB) SPECIES (DBG R) CHAR/Cq (BTV/LB) SPECIES
900.00 0.0010 2545.65 3?9|,|4 0.0844 68?,06 C"

1500.00 0.0010 2402.|4 4011.05 0.0195 677.59 C*

2012.31 0.0010 1250.87 C* 4451.96 0.1000 608.84 C*

2095.73 0.0050 1212.97 C* 5162.17 0.1500 297,26 C*

2112.52 0.0100 1166.29 C* 552?.22 0.2000 -4|.53 C*
2145.30 0,0230 1020.|2 C • 59?9.63 0.3000 -741.25 C t

22?3.37 0.0500 003.02 C ° 649|.23 0.5000 -2293.11 C °

2495.66 0,0?50 5?2.22 C • 6179.&0 0.7500 -4325.45 C"

2773.41 0.0812 514.81 C ° 7132.30 1.0000 -6520.71 C*
3629.57 0,0|2i 6i$.24 C"

H-DOT-GAS/CM - 0,2500 PRESSURE - 25,0000 ATN

TEMP M-DOT- CHF.J.I.PROD SURFACE TEMP M-DOT- CHEJ,q. PROD SURFACE

(DEG R} CHAR/O4 (BT_/LB) SPECIES (DE(; R) CHAR/C_ (BTU/LB} SPECIES

900.00 0.0010 201$.17 3047.45 0.0984 224.90 C"

1100.00 0.0010 1675.?? 3640.38 0.1000 280.46 C"

1973.13 0.0010 1110.69 C* 4422,?0 0.1125 212.02 C"

19e9.96 0.0050 1061.79 C* 4750.19 0.1250 131.34 C*

2010.27 0.0100 1011,32 C" 5146.81 0.1500 -64.54 C"
2064.?3 0.0250 e6|.04 C* 5611,73 0.2000 -473.10 C*

2169.75 0.0500 644,04 C* 6135,61 0.3000 -1359.03 C"

2305.72 0.0750 424,31 C* 6691,59 0.5000 -3174.15 C"

2426.22 0.0|75 310.43 C" ?075.99 0.?500 -5539.85 C e

2546.75 0.0938 250.13 C" ?320.33 1.0000 -7951.74 C"
2697.97 0,0969 216,26 C*

M-DOT-GA3/CH - 0.1000 PRESSURE - 25.1000 ATM

TL'_P M-DOT- CHEM. PROD SURFACE TEMP M-DOT- CHEM. PROD S URFAC_:

(DEG R) CHARICM IBTU/LBI SPECIES (DE, G R) CHAR/CH (BTU/LBF SPECIES
900,00 0.0010 I704.35 3411.33 0.1094 30.01 C"

1|00,00 0.0010 1245.43 3923.04 0.1125 25.61 C"

1158.33 0,0010 1114.56 C" 45?6.05 0.1250 -62.04 C*

1115.73 0.0050 1048.40 C* 5124.74 0.1500 "276.66 C*

1915.44 0.0100 994.56 C" 5680.45 0.2000 -755.97 C"

1989.89 0.0250 70?.46 C* 625?.98 0.3000 -1792.02 C"

20911.91 0.0500 555.61 C" 61134.30 0.5000 -3446.45 C"

2452.64 0.1000 113.09 C* 7214.47 0.7500 -6402.75 C °

2639.51 0.1063 46.11 C* 7449.11 1.0000 -11922,44 C"

AEROTHERM CHARRING HATERIAL THERMAL RESPONSE AND ABLATION pROGRAM

PP,G_ 4

c.,,0.2 ?

.... <_TPUT ....

.............. 120.0000 SECONDS ..............

TZP_. SURF PRO6 SURFACE H N&L.L H EDGE HEAT COEI"F CH/CHO

STEP ITER OPTN _ (INI (BTU/LB) (BTU/L.B) (LB/SQ FT-5EC)
?994 3 1 29.49111 286.75 730.00 0.0435 0.86525

---ABLATION RATES---

B PRI_ B PR_ G M DOT CHAR M DOT GAS M CHAR M GAS

(LS/SQ FT-SEC) (US/ONIG SQ rT)

0.55592 0,391101 0.004914 0.0123|5 9.1146972 2.795194

.... RECESS IONS/RECESS ION RATES---

(IN} / (IN/SEC)

SURFACE CHAR (0.27) PYROLYSIS _0.98)
1.56110959/0.0000053 1.7142326/0.00701196 1 . 8653069/0.0096762

---SURFACE ENDRGY FLUX TE,R/_---

CURRENT RATES (BT_/SQ FT SURFACE-SEC}

AND IMTEGRATED VALUES (BTU/ONIG SO FT)

CONVICTED RADIATED RADIATED CHEMICAL CONDUCTION

IN IN OUT GENERATION M_AY

RATE O, 1930+02 0,4460÷03 0.3060+03 0.25|E+01 0, 1630+03

TOTAL 0. 440E+05 0,553E+05 0 ,356E+05 -0.247E+05 0.39OE+05

---INTERIOR LqERGT T_RIq3---

CURRENT RATES (BTUI_I FT SURFACE-SEC)

AHD INTEGRATED VALUES (BTD/ONIG SO FT)

PYROL _ DECCIw_ CONV_CTIOff STORAGE _$ AT

PICE UP ABSCRPTIOR MITH SOLIDS ZN SOLID REAR FACE

RATE 0. 544E÷02 0.119E+02 0.124E÷02 0.139r+02 0.205E-04
TOTAL 0.112E+05 0.315E÷04 0.222E÷05 0.237E+04 0,1lIE-02

NODE MAT T'ER_ DENSITY ZhTMALPY NODE HAT TEMP' DENSITY EMTHALPY

(DEG R) (LA/CU FT) (BTU/LB) (DEG R) ILB/CU F'I') IBTU/LB)

I 0 522|. 42 73.342 2041.12 19 i 521.04 91,300 -367,55

2 0 5201.76 73.291 2035.66 20 I 520.35 91,300 -367,76

3 0 5168.35 73.292 2010.19 21 1 520. 12 91.300 -367.$3

4 0 5121.39 73.294 1993 .63 22 I 520.04 91.300 -367,|5
5 0 3026.49 ?3.29| 1944,00 23 1 520.02 91.300 -367,$6

6 0 4890.25 73.304 I|72,74 24 1 520.01 91.300 -367.|6

7 0 4752.00 73.312 1900.42 25 I 520.01 91.300 -367.16

$ 0 4611.74 73.321 1727.02 26 1 520.01 31.300 -36?,06
9 0 4469.35 ?3.332 1652.49 27 1 520.01 91.300 -367.$6

10 0 4004.73 73.3|1 1414.82 26 1 520.00 91.300 -367,|6

11 0 283?.02 73.941 133.71 29 1 520.00 91.300 -367.06

12 0 1537 91 15.045 115.63 30 i 520,00 91.300 -367.06

13 0 940.30 91.225 -227,46 31 1 520.00 91.300 -367.|6

14 I 699.13 91.300 -313.41 32 l 520.00 91.300 -367.86

15 1 590.9? 91.300 -346.29 33 1 520.00 91.300 -367.|6

16 1 546.02 91.300 -359.95 47 3 520,00 10|,100 0,00

17 1 529.11 91.300 -365.09 41 3 520.00 101.100 0.00

16 1 523.11 91.300 -366.92 49 4 520.00 499.400 0.00

AEROTIIERN CHARRING MAT_RIAL THERMAL RE-_PONSE AND ABLATION pROGRAM
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CMA Results for RSRM Nozzle Throat Problem

,

2.

3.

4.

Predicted Erosion = 1.466 inches

Char Depth = (1.698 - 1.466) = 0.232 inches

Bondline Temperature = 60°F (ambient)

Nozzle Liner Design Criteria:

a. Design Thickness -- (2 x erosion) + (1.25 x char depth)

*t, design ---3.222 inches

t, liner = 3.710 inches

b. Safety Margin (SM) must be GE 0.0

SM = (t, liner/t, design) - 1.0

*SM = 0.151
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Introduction to ChaDter

Model Generation

Because of the rapid increase in graphics capability in state-of-the-art computing systems,
geometric generation of analytical models has rapidly grown in popularity. These
techniques have evolved from finite element structural analysis codes, but are now utilized
for fluid and thermal analyses as well. Even though many thermal analyzers utilize a finite
difference solution procedure, geometric model generators, and translators, have been
developed to utilize the advanced computer graphics capability. This chapter shows several
examples illustrating popular model generation software. A significant advantage of
utilization of these codes is the use of graphics post processing of analytical results. The
color representations of temperature distributions are valuable communication aids,
especially with management. Several simple geometries are given as examples of code
utilization, and a set of problems involving complex geometries are shown to illustrate the
versatility of these techniques.

k
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CHAPTER 8: MODEL GENERATION

SECTION 1: SINGEN Example

I. Description of Code:

SINGEN is a computer code that was initially developed to create a nodal mesh for
the SINDA thermal analyzer code. SINGEN generates the Node, Conductor,

Constant, and Array Data Blocks for the SINDA program. It computes the volume of
each node and assigns it a value in the Constants Data Block that will be multiplied by
the p * Cp of the material to form the capacitance of that node. Similarly, it computes
an Mx value for each conductor and assigns it a value in the Constants Data Block
that will be multiplied by the conductivity of the material to form the conductance of
the conductor. Radiation and convection heat transfer boundary conditions,
mathematical calculations, FORTRAN code, and other SINDA statements must be
input separately.

When creating a nodal mesh within the geometry, it is recommended to create the
nodes so that any side of one node will only be conducting to one node. Figure A is
the correct way.

FIGURE A FIGURE B

II. Input

The data required for SINGEN can be input interactively with the computer
prompting you for the data, or it can be included in a separate input file. ff the model
is large, it is generally quicker and easier to use the input file. Generally, four data
points are required to generate a 2-dimensional section while eight data points are
needed for a 3-dimensional section. These data points are the coordinates at the four
or eight comers of the section. The coordinate system must be specified as being 2-D
or 3-D and cartesian, cylindrical, or spherical. The size of the mesh is controlled by
inputing the number of nodes desired between two opposite sides. A conductor
network is also created by specifying which sides of two sections are to be
connected.
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SINGEN EXAMPLE INPUT

8,1,8,1,1

1,1,1,10,8,0.,0.,0.,0.,0-,0.,0

i,i.,I.,0.

2,0.,1.,0.

3,0.,0.,0.

4,1.,0.,0.

5,4.,1.,-8.

6,3.,I.,-8.

7,3.,0.,-8.

8,4.,0.,-8.

0,0,0,0,0,0

2,2,2

1,2, l, I0, 8, 0., 0., 0., 0.,0., 0., 0

1,5.,1.,0.

2,1.,I.,0.

3,1.,0.,0.

4,5.,0.,0.

5,8.,i.,-8.

6,4.,1.,-8.

7,4.,0.,-8.

8,8.,0.,-8.

0,0,0,0,0,0

4,2,2

1,3, I,I0, 8, 0., 0., 0., 0., 0.,0.,0

1,6.,1.,0.

2,5.,I.,0.

3,5.,0.,0.

4,6.,0.,0.

5,9.,1.,-8.

6,8.,I.,-8.

7,8.,0.,-8.

8,9.,0.,-8.

0,0,0,0,0,0

2,2,2

i, 4, I, i0, 8,0., 0._ 0., 0., 0., 0., 0

i,i.,5.,0.

2,0.,5.,0.

3,0.,I.,0.

4,1.,i.,0.

5,4.,5°,-8.

6,3.,5.,-8.

7,3.,1.,-8.

8,4.,1o,-8.

0,0,0,0,0,0

2,4,2

1,5,1,i0,8,0.,0.,0.,0.,0.,0.,0

1,6.,5.,0.

2,5.,5.,0.

3,5.,I_,0.

4,6.,1.,0.

5,9.,5.,-8.

6,8._5.,-8.

7,8.,i.,-8,

8,9.,I.,-8.

0,0,0,0,0,0

2,4,2

I, 6, i, i0, 8, 0.,0.,0., 0., 0., 0., 0

1,1.,6.,0.

2,0,,6.,0.

3,0.,5.,0.

4,1.,5.,0.

5,4.,6.,-8.

8-1-2



6,3.,6.,-8.

7,3.,5.,-8.

8,4.,5.,-8.

0,0,0,0,0,0

2,2,2

l, 7, i, i0, 8, 0., 0., 0., 0., 0., 0., 0

1,5.,6.,0.

2,1.,6.,0.

3,1.,5.,0.

4,5.,5.,0.

5,8.,6.,-8.

6,4.,6.,-8.

7,4.,5.,-8.

8,8.,5.,-8.

0,0,0,0,0,0

4,2,2

i, 8, I, 10, 8, 0., 0., 0., 0., 0., 0., 0

1,6.,6.,0.

2,5.,6.,0.

3,5.,5.,0.

4,6.,5.,0.

5,9.,6.,-8.

6,8.,6.,-8.

7,8.,5.,-8.

8,9.,5.,-8.

0,0,0,0,0,0

2,2,2

1,1,3,1,2,1

1,2,3,1,3,1

1,3,2,1,5,4

1,5,2,1,8,4

1,8,1,1,7,3

1,7,1,1,6,3

i, 6, 4, i, 4,2

1,4,4,1,1,2

1

STEEL

1.0

5

200.0,0.03113

1280.0,0 05235

1380.0,0.1061

1560.0, 0. 03905

1600.0,0.04188

[0

0.0,0 4630E-03

200.0 0.5090E-03

300.0 0.5210E-03

400.0 0. 5090E-03

600.0 0. 4980E-03

800.0 0 . 4750E-03

I000.0 0.4510E-03

1200.0 0.4170E-03

1400.0, 0. 3700E-03

1600.0, 0.3590E-03

0
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m, Output

The two main t-des created by SINGEN are the SINDA skeleton program and a

geometric input file for either a MOVIE.BYU or PATRAN graphics package. Other
optional files create a session log file, store the node center coordinates or store the
surface area of nodal surfaces.

SINDA Output File

BCD

BCD

END

BCD

SIV

$IV

SIV

SIV

SIV

SIV

SI_

SIC

sir

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

sir

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

sir

sir

$IV

sir

sir

SIV

SIV

SIV

SIV

3THERMAL LPCS

9

3NODE DATA

I, 70.0,AI

2, 70.0,AI

3, 70.0,AI

4, 70.0,AI

5, 70.0,AI

6, 70.0,AI

7, 70.0,Ai

8, 70.0,AI

9, 70.0,AI

I0, 70.0_AI

ii, 70.0,AI

12, 70.0,AI

13, 70.0,AI

14, 70.0,AI

15, 70.0,AI

16, 70.0,AI

17, 70.0,AI

18, 70.0,AI

19, 70.0,AI

20, 70.0,AI

21, 70.0,AI

22, 70.0,AI

23, 70 0,AI

24, 70 0,AI

25, 70 0,AI

26, 70 0,AI

27, 70 0,Al

28, 70 0,AI

29, 70 0,AI

30, 70 O_ A1

31, 70 O,AI

32, 70 0pAl

33, 70.0,AI

34, 70.0,AI

35, 70.0,A1

36, 70.0,Al

37, 70.0,AI

38, 70.0,AI

39, 70.0,AI

40, 70.0,AI

41, 70.0,AI

42, 70,0,AI

43, 70.0,AI

44, 70.0,AI

45, 70.0,AI

46, 70.0,AI

47, 70.0,AI

48, 70.0,AI

49, 70.0,AI

K1 $

K1 $

K1 $

K1 $

K1 $

K1 $

K1 $

Kl $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K1 $

K1 $

K1 $

K1 $

K2 $

K1 $

K1 $

K1 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $

K2 $
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sir

SIV

SIV

SIV

SlY

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

SIV

sir

SIV

SlY

sir

SIV

sir

SIV

sir

SlY

SIV

SIV

SIV

$1V

SlY

SlY

SIV

SIV

sir

SIV

SIV

SIV

END

BCD

SIV

SlY

SlY

sir

SIV

SIV

SIV

SIV

sir

SlY

sir

SlY

SIV

SIV

SIV

50,

51,

52,

53,

54,

55,

56,

57

58

59

60

61

62

63

64

65

66,

67,

68,

69,

70,

71,

72,

73,

74,

75,

76,

77,

78,

79,

80,

81,

82,

83,

84,

85,

86,

87,

88,

89_

90,

91,

92,

93,

94,

95,

96,

3CONDUCTOR

i,

5,

9,

6,

i0,

2,

ii,

12,

3,

7,

8,

4,

13,

25,

33,

70.0,AI

70.0,AI

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0,AI

70 0, A1

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.O,AI

70.0,AI

70.O,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70.0,AI

70 0,AI

70 0,AI

70 0, A1

70 0,AI

70 0,AI

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 0 A1

70 O,AI

70 O,AI

70 0, A1

70 0,AI

70 0,AI

70 0_AI

DATA

I,

i,

i,

2,

2,

3,

3,

4,

5,

5,

6,

7,

9,

9,

9,

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K1

K1

K1

K1

K1

K1

K1

K1

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K2

K1

K1

K1

K1

K1

KI

K1

KI

2,

3,

5,

4,

6,

4,

7,

8,

6,

7,

8,

8,

10,

13,

17,

A2

A2

A2

A2

A2

A2

A2

A2

A2

A2

A2

A2

A2

A2

A2

$

$

S

$

$

$

S

S

S

S

S

$

S

$

$

$

$

$

$

$

S

S

S

S

S

S

$

$

S

$

$

S

$

$

$

S

$

S

S

S

$

$

S

S

$

S

$

KI00

KI00

KI01

KI00

KI01

KI00

KI01

KI01

KI00

KI00

KI00

KI00

KI02

KI03

KI04
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SIV

sIv

sIv

sIv

sIv

sIv

sIv

sIv

sIv

sIv

sIv

SIV

SlY

sIv

sIv

sIv

sIv

sIv

SIV

SIV

sIv

SlV

sir

SIV

sir

sir

Sly

sIv

sIv

sir

SIV

SIV

sIv

sir

sir

sir

sIv

sIV

SlY

sir

SlY

sir

SIV

SIV

sir

SlY

sIv

sir

sIv

sIv

Sly

sir

sir

SlY

sir

SlY

sir

sir

sIV

sir

SlY

sir

SlY

sir

14,

26,

34,

15,

27,

35,

28,

36,

16,

37,

17,

38,

18,

39,

40,

19,

29

2O

30

21

31

32

22

23

24

41

45

49

46

50

42

51

52

43

47

48

44

53

61

73

62

74

54

63

75

64

76

55

65

77

66

78

56

79

8O

57,

67,

68,

58,

69,

70,

59,

71,

72,

i0,

I0,

i0,

ii,

II,

ii,

12,

12,

13,

13,

14,

14,

15,

15,

16,

17,

17,

18,

18,

19,

19

20

21

22

23

25

25

25

26

26

27,

27,

28,

29,

29,

30,

31,

33,

33,

33,

34,

34,

35,

35,

35,

36,

36,

37,

37,

37,

38,

38,

39,

39,

40,

41,

41,

42,

43_

43,

44,

45,

45,

46,

II, A2

14, A2

18, A2

12, A2

15, A2

19, A2

16, A2

20, A2

14, A2

21, A2

15, A2

22, A2

16, A2

23, A2

24, A2

18, A2

21, A2

19, A2

22, A2

20, A2

23, A2

24, A2

22, A2

23, A2,

24, A2

26, A2

27, A2

29, A2

28, A2

30, A2

28, A2

31, A2

32, A2

30, A2

31, A2

32, A2

32, A2

34, A2

35, A2

41, A2

36, A2

42, A2

36, A2

37, A2

43, A2

38, A2

44, A2

38, A2

39, A2

45, A2

40, A2

46, A2

40, A2

47, A2

48, A2

42, A2

43, A2

44, A2

44, A2

45, A2

46, A2

46, A2

47, A2

48, A2

KI02

KI03

KI04

KI02

KI03

KI04

KI03

KI04

KI02

KI04

KI02

KI04

KI02

KI04

KI04

KI02

KI03

KI02

KI03

KI02

KI03

KI03

KI02

KI02

KI02

KIO0

KIO0

KI01

KI00

KI01

KI00

KI01

KI01

KI00

KIO0

KI00

KI00

KI03

KI02

KI04

KI02

KI04

KI03

KI02

KI04

K102

K104

KI03

KI02

KI04

K102

KI04

KI03

KI04

KI04

KI03

KI02

KI02

KI03

KI02

KI02

KI03

KI02

KI02
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SlY

sIv

sIv

sIv

sIv

sIv

SIV

sIv

sIv

sIv

sIv

SlY

sIv

sIv

SlY

sir

sIv

SIV

SIV

sir

sIv

sIV

sIv

sIv

sIv

sIv

sIv

SIV

SIV

sIv

sIv

SIV

sIv

sIv

sIV

sir

SlY

sir

SlY

sir

SlY

sir

sIv

sir

sir

sir

sIv

sir

SIV

SlY

SlY

SlY

sir

sir

sIv

sir

sir

sir

SIV

SlY

SIV

SIV

sir

sIV

60,

81,

89,

i01,

90.

102,

82,

91,

103,

92,

104,

83,

93,

105.

94,

106,

84,

i07,

108,

85,

95,

96,

86

97

98

87

99

I00

88

109

113

117

114

118

Ii0

119

120

Iii

i15

I16

112

121

!33

141

122

134

142

123

135

143

136

144

124

145

125

146

126

147

148

127

137

128.

138,

129,

47,

49.

49,

49,

50,

50,

51,

51,

51,

52.

52,

53,

53,

53,

54,

54,

55,

55,

56.

57,

57,

58,

59,

59,

60,

61,

61,

62,

63,

65,

65,

65,

66,

66,

67,

67,

68,

69,

69,

70,

71,

73,

73,

73,

74,

74,

74,

75,

75,

75,

76,

76,

77,

77,

78,

78.

79,

79_

80.

81,

81,

82,

82.

83,

48 A2

50 A2

51 A2

57 A2

52 A2

58 A2

52 A2

53 A2

59 A2

54 A2

60 A2

54, A2

55, A2

61, A2

56, A2

62. A2

56, A2

63, A2

64, A2

58, A2

59, A2

60, A2

60, A2

61, A2

62, A2

62, A2

63, A2

64, A2

64, A2

66, A2

67, A2

69, A2

68, A2

70, A2

68, A2

71. A2

72, A2

70, A2

71, A2

72. A2

72, A2

74, A2

77, A2

81, A2

75, A2

78, A2

82, A2

76, A2

79, A2

83, A2

80, A2

84, A2

78, A2

85, A2

79, A2

86, A2

80, A2

87, A2

88, A2

82, A2

85, A2

83, A2

86, A2

84, A2

KI03

KI03

KI02

KI04

KI02

KI04

KI03

KI02

KI04

KI02

KI04

KI03

KI02

KI04

KI02

KI04

KI03

KI04

KI04

KI03

KI02

KI02

KI03

KI02

KI02

KI03

KI02

KI02

KI03

KI00

KI00

KI01

KI00

KI01

KI00

KI01

KI01

KI00

KI00

KI00

KIO0

KI02

KI03

KI04

KI02

KI03

K104

KI02

KI03

KI04

KI03

KI04

KI02

KI04

KI02

KI04

KI02

KI04

KI04

KI02

KI03

KI02

KI03

KI02
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sir

sir

sIv

SlV

sIv

sIv

sIv

sIv

sIv

SIV

SIV

SIV

SIV

SIV

sIv

SIV

SIV

sIv

SIV

SIV

sir

sir

SlY

sIv

SIV

SlY

SIV

sIv

sir

sIV

SIV

SlV

SlV

SIV

sIv

sir

SlY

sIv

sIv

sIv

SIV

sIv

SIV

sir

sIv

SIV

sIv

SlV

SIV

END

139, 83,

140, 84,

130, 85,

131, 86,

132, 87,

149, 89,

153 89,

157 89,

154 90,

158 90,

150 91,

159 91,

160 92

151 93

155 93

156 94

152 95

161 2

162 4

163 6,

164 8,

165 12,

166 16,

167 20,

168 24,

169 27,

170 28,

171 31,

172 32,

173 55,

174 56,

175 63,

176 64,

177 89,

178 91,

179 93,

180, 95,

181, 73,

182, 77,

183, 81,

184, 85,

185, 65,

186, 66,

187, 69,

188, 70_

189, 33,

190, 34,

191, 41,

192, 42,

BCD 3CONSTANTS DATA

I, 0,10000E+01 S

2, 0.20000E+01 $

100, 0.42720E+01 S

101, 0,58521E-01 S

102, 0,21360E+01 S

103, 0.85440E.01 S

104, 0,I1704E+00 $

105, 0,28480E+01 S

106, 0.26667E+01 $

END

BCD 3ARRAY DATA

87, A2

88, A2

86, A2

87, A2

88, A2

90, A2

91, A2

93, A2

92, A2

94, A2

92, A2

95, A2

96, A2

94, A2

95, A2

96, A2

96, A2

9, A2

13, A2

17, A2

21, A2

25, A2

27, A2

29, A2

31, A2

49, A2

50, A2

57, A2

58, A2

89, A2

90, A2

93, A2

94, A2

76, A2

80, A2

84, A2

88, A2

66, A2

68, A2

70, A2

72, A2

39, A2

40, A2

47, A2

48, A2

3, A2

4, A2

7, A2

8, A2

KI03

KI03

KI02

KI02

KI02

KI00

KI00

KI01

KI00

KI01

KI00

KI01

KI01

KI00

KI00

KI00

KIO0

KI05

KI05

KI05

K105

KI05

KI05

KI05

KI05

KI06

KI06

KI06

KI06

KI06

KI06

KI06

KI06

KI05

KI05

KI05

KI05

KI05

KI05

KI05

KI05

KI06

KI06

KI06

KI06

KI06

KI06

KI06

KI06
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S

S

S

$

S

S

S

S

S

$

S

$

$

S

S

S

S

S

S

$

s

S

S

S

S

s

$

S

S

S

S

S

S

S

$

$

$

S

S

S

S

s

S

$

S

S

$

$

S



IVo

i

20O

!280

1380

1560

1600

END

2

0

200.0,

300.0,

400.0,

600.0,

800.0,

I000.0,

1200.0,

1400.0,

1600.0,

END $

END

.0, 0.3113E-01

.0, 0.5235E-01

.0, 0.1061E+00

.0, 0.3905E-01

.0, 0.4188E-01

$ T VS RHO'CP

.0, 0 4630E-03

0 5090E-03

0 5210E-03

0 5090E-03

0 4980E-03

0 4750E-03

0 4510E-03

0 4170E-03

0.3700E-03

0.3590E-03

T VS K ,

BCD 3EXECUTION

DIMENSION X( 384)

NDIM = 384

NTH=O

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

TPRINT

END

BCD 3END OF DATA

• STEEL

STEEL

Execution

Before beginning, the following statements must be added to the LOGIN.COM file:

$ SINX3:==RUN[044024.SINGEN]SINX3
$ SECTION:==RUN[044024.MOVIEBYU] SECTION
$ COMMAND:--=RUN[044024.MOVIEB YU-]COMMAND

V. Troubleshooting

Most of the errors in SINGEN will result from not following correct format in the

input file. Two of the most common mistakes are using a comma where it doesn't
belong or using a period instead of a comma. This should be the first thing checked
in the event of an error. A problem may also be detected when the geometry, is
plotted. If this happens, a number was probably typed incorrectly when defining

points or mesh.
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VI. Example

$ S INX3

Output a session log file (Yes/No)

Y

Input the session log filename

MODEL.LOG

Input:

0 To enter all dat via the terminal keyboard

1 To enter geometry, connection, and material

data via a SINGEN-formatted input file

Enter input filename:

MODEL.INP

Input :
1

2

3

4

To generate an output file for a SINDA model

To generate an output file for ASTHMA

To generate an output file for ABAQUS

To generate an output file for SAPIV

Enter SINDA output file nama:

MODEL.SIN

Input :
0

1

2

If no additional output files desired

IF you want to output a MOV2E.BTU file

IF you want to output a PATRAN session file

Enter MOVIE.BYU file nami:

MODEL.BYU

*At this point, data will start rolling by on the screen. When it stops:

Input initial thermal model temperature:

7O

Output node center coordinates (Yes/No)?

Y

Enter node center coord output filename

MODEL_CEN

Output node external surface areas (Yes/No)?

Y

Enter node surface areas output filename

MODEL.SFA

Enter starting constant for node statements

l
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Enter starting constant for conductor statements
100

Enter minimum conductor ka/x option
<CR>

*At this point, data will again start rolling by. The fLrst statement will be "START
M*-SH GmCgRATION". After all of the data rolls by, it will stop and generate all of
the fries that were specified by your input. When it is complete, the following
statement will appear:

s * * JOB FINISHED * * .

Then you will be kicked out of the SINX3.EXE file and the prompt will appear.

$ SECTION

<MOVIE SYSTEM PROCESSOR>

<FOR CLIPPING AND CAPPING OF SOLIDS>

<READ GEOM FILE>

MODEL.BYU

>> <CR>

It wiU take a couple of minutes here, depending on the si_ of the BYU file.

<WRITE GEOM FILE>

MODEL.GE0

<NUMBER OF DISPLACEMENT FILES>

<CR>

<NUMBER OF SCALAR FUNCTION FILES>

<CR>

<READ GEOM FILE>

<CR>

The prompt will appear again. The next section must be done on a Tektronix 4014 or
a 4014 emulator. After logging on to the machine, you need to go to the subdirectory
that the .GEO file is in. The purpose for this section is to view the geometry that has
been created and verify that no mistakes have been make.

$ COMMAND

<MOVIE SYSTEM DISPLAY>

<READ GEOM FILE>

MODEL.GEO

<READ DISP FILE>

<CR>

<READ FUNC FILE>

<CR>
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>>VIEW

The image may be rotated about any axis by typing ROTATE. It will prompt for the
axis and angle. After those parameters have been input, type VIEW and the new
orientation will be shown. Type EXIT to leave the program.
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CHAPTER 8. MODEL GENERATION

SECTION 2: PATRAN (Version 2.4) Example

I. Introduction

Patran is a model generator that uses interactive graphics to link engineering design,
analysis, and results. It was developed by PDA Engineering. This program provides
a preprocessor and post-processor for a variety of analytical codes (e.g., ANSYS,
SINDA, NASTRAN, etc). The preprocessor section consist of two parts, first the
geometry input where the model is generated using simple geometric shapes. The
second part consist of creating a finite clement mesh of the geometry. This mesh is
used to generate a neutral fide which is used (with an appropriate translator) to create

an analytical model. The program is located on VAX4 and Silicon Graphics
workstations in the Thermal Analysis Branch. Tektronix terminals or emulators
(4105, 4129 and 4211 drivers are active) are needed for the VAX version.

The post-processor function of Patran also depends on the analytical code used and
its translator. Pagan will create contour plots of the results (e.g., temperatures) and
includes other general post-processor applications (e.g., time history, temperature
distribution along local coordinates).

The Patran to SINDA translator is know as Patsin. Patsin uses the geometry,
boundary conditions, and material properties applied to the model in Patran to

generate the SINDA input file (see figure 1). The translation generates nodes and
conductors, where the node numbers follow the FEM (finite element model) element
numbers. The later version of Patsin (version 3.0) will also generate also a neutral
file where the the SINDA nodes will match FEM node numbers and the conductors
will follow bar element numbers. The next section will show how the translation is
made.

The SINDA to Patran translator is known as Sinpat. Sinpat reads the SINDA
temperature output file (with the appropriate format) and creates a f'fle that Patran can

read, usually in the format modelnamecase#.els. Each case is for a different time step
or load case.

The following section presents details of both Patran and the translators as well as an
example problem
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lI.

PATRAN

Element results 1Coasename ELS)

i

PATRAN Neuu'alfile

Coasename OUT)

NeutralConductor File

(buenameNCN)

SINDA Skeleton file
(basename SSK)

1
PATSIN

I
Nodal Results

(Imse_ne NOD)

I Virtual Temperatures
(basename V'rE)

p

(basename SIN)

l

[ SINPAT _ SI_DAO_.,_I_'_Co__=,_.SOT)I-" [ SINDA

Example:

Figure 1

A. Statement of the Problem:

Consider a hardware piece exposed to a fluid at 70 °F on one end and on the other end

is kept at a constant wall temperature (-200 °F). The piece is made out of two
materials. The heat transfer coefficients between the fluid and the piece is 1.0 BTU/ft

hr °F. The conductivity of material one is 1.0 BTU/hr ft °F, and for material two.is

52.1 BTU/hr ft °F.
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B. Schematic

Figure2presentstheschematicof thisproblem.

T..= 70. F°

q=h A

constant wall
@ -200 F °

material 2

Figure 2.

C. Given

The following data is given to this problem:

1. The piece dimensions
2. Boundary conditions, Heat transfer coefficient, and wall temperatures
3. Material properties.

D. Find

The steady state temperature distribution in the piece using PATRAN,
PATSIN,and SINPAT.

III. PATRAN Model Generator:

Patran will generate a geometry model, create an analysis model, image a model,
evaluate results, and create x-y plots. Two types of geometry input can be used to
generate the model, one is known as phase 0, the other as phase 1. Phase 0 input
consists of primitive geometry or simple geometric shapes. The primitive geometric
entries will create (with a single command) a complete 3-D geometry. The available
primitives are shown below.
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sphere elbow

cylinder

brick Icone

Phase 1 geometry is the geometry that generates the analysis model (phase 2). Grid
points, lines (l-D), patches (2-D), and hyperpatches (3-D) are the components of this
phase (see figure 3). It can be created in various ways, from phase 0 geometry, by
xyz coordinates, or using other phase 1 and phase 2 geometries.
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l0

9

13

line

hyperpatch 14

_d

5

2

Figure 3

The geometry input method is more powerful than the example presented. The Patran
manual (Volume I) presents the details and the options that can be used to generate
more complex models.

Phase 2 is the actual model configuration that translates to the analytical code. The
phase components are nodes, elements, property data, material data, and boundary
conditions. The nodes and elements are derived from the phase 1 geometry using the
GFEG and CFEG commands or the new MESH command (on Version 2.4). The

property data (e.g., cross sectional area for bar elements) is input using the PFEG
command, and the material data using the PMAT command. PATRAN allows input
of a variety of boundary conditions, from temperatures to heat sources. These
boundary conditions can be applied to the centroid, edges or faces of elements, or to
the nodes. The number definition given in the program keeps its identity when
translated to the analytical code. PATRAN supports bar, quadralateral, hexagonal,
and other more complex elements.

After phase 2 geometry is created, a neutral file is the next step in the procedure. The
neutral file is a file in a specific format that PATRAN creates with the data input from
the model. This information is used by the translator program to create the analytical
model. The neutral file provides the means to transmit data from the PATRAN
database to outside programs and to accept data from outside programs into
PATRAN's database.
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IV. PATSIN

PATSIN is the neutral file translator program from PATRAN to SINDA. The basic
function of the program is to convert the FEM model created in PATRAN into a
SINDA input file. The program translates the elements to SINDA nodes and creates

conductors between them, and also applies the boundary conditions. Node, Source,
and Conductor blocks are created by PATSIN (any other blocks are supplied only as
skeleton header cards).

To use this program two files are required, the neutral file and the skeleton file. The
skeleton file consist of all the data necessary for the program to be able to select the
type of model that is generated. Also this f'de contains the other SINDA blocks
required for the model (arrays, constants, etc).

Two computational methods for conductors are available, Centroid of Boundary
(COB) and Line of Sight (LOS). COB works by calculating the cross sectional area
at the centroid of the element. The heat flow path goes from the centroid of one
element to the interface with the adjacent element in a straight line, and then to the
centroid of the adjacent element in a straight line.

J,, j
Gi Gj

i i

At, to ¢._

/

COB method

where;

Gi=k Across Gj=k Across
si sj

and the conductor is

Gij = 1
I+_L
Gi Gj
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The LOS methodusesan integrationtechniqueto calculatethe conductor Gij" The
heat flow path is one straight line from the centroid of the element to the centroid of
the adjacent element. If they are not in a straight line, the line is broken into two lines
with the boundary crossover point adjusted in order to make the path length a
minimum.

Three area vectors found at: "1
centroid, mid, boundgy / I/

- ," ',
f /" I." b/#[ j I .

I I
I I q _-:- I?:v_ }# . - F:r,dThree_or:,__areas

- / An1=Uq. "_1
_' ._. =_v2-

normal
area

_ A,n3

0. ij interface
s

Gi = ki 7i

The quadratic equation is used to fitted An(s).

The LOS method has more accuracy than COB. For cylindrical, spherical and
axisyrnetric element half conductors, COB is forced always used.

Patsin also creates a neutral file with the SINDA nodes represented as FEM elements,
and conductors represented as bar elements (see figure 4.).
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Y

node-conductor network

Figure 4

Here the neutral file is imposed on the original mesh. It is clear that the SINDA nodes
are located at the centroid of the elements. SINDA nodes and conductor numbers are
maintained constant, and the boundary conditions are represented as weft ( convective
conductors to the back surface are represented by the lines across the model). This

f'fle is a great tool for determining the connectivity of the SINDA model.

The skeleton file contains all the settings that are required by PATSIN to create the
SINDA model. Some important entries are; COBLOS selection, material constants,

type of SINDA headers (SINDA85/FLUINT model can be created also),and initial
temperature. This file has to be created before SINPAT is run, because it is used

during the run.
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SKELETON FILE EXAMPLE

C PATRAN GENERATED NEUTRAL FILE WHOSE TITLE WAS: PATRAN.OUT;6

C

C EXAMPLE OF PATSIN 3.0

C CREATED ON: 27-AUG-90 AT 14:07:25

C WAS USED BY """ P A T S I N ,.. VERSION 3.0 TO CREATE THIS

C SINDA INPUT FILE: EXAMPLE.SIN;2

C CREATED ON: 27-AUG-90 AT 14:23:26

C

C BEGIN TRANSLATION PARAMETERS

C

C SINDA DEFAULT MATERIAL THERMAL PROPERTIES:

C Density - 1.000, !ANY REAL

C Specific Heat - 1.000, !ANY REAL

C Cond X dir - 1.000, !ANY REAL

C Cond Y dir - 1.000, !ANY REAL

C Cond Z dir - 1.000, !ANY REAL

C Sigma - 1.000, !ANY REAL

C

C SINDA ELEMENT CONFIGURATION FLAG ASSIGNMENTS:

C 3D Bar or Plate or Brick _ i, lINT 1-255

C 2D Axisymmetric Bar or Plate = 2, !INT 1-255

C One-Way Fluid Flow Bar - 3, !INT 1-255

C Discrete Conductor Bar - 4, :INT 1-255

C Discrete Convector Bar = 5, lINT 1-255

C Discrete Radiator Bar = 6, !INT 1-255

C

C SINDA CALCULATION PARAMETERS:

C Approximately Zero - 1.00O0E-04, !ANY REAL

C CONV & RADI DFEGs Move Node to Surface - NO, !YES, NO

C Conductors - Line Of Sight or Centroid Of Boundary - LOS_ !LOSs COB

C

C SINDA OUTPUT SETTINGS:

C Default Initial Node Temperature _ 70.00, !ANY REAL

C Thermal Node ID Offset - 0, !ANY INT

C Thermal Conductor ID Offset i O, !ANY INT

C Data Start Column = 8, 'INT i-8

C Write Out "3 Blank" Conductors > - O.O000E+00, !ANY REAL

C Write Out "3 Blank" DIF Nodes as ARI at Volumes < z 1.0000E-04, !ANY REAL

C Write Flow DATA in SINDA Arrays = NO, IYES, NO

C Write Neutral File of Conduc Bars z YES, 'YES, NO

C Data Block Delimiter Type - BCD, 'BCD,HEADER

C SINDA-FLUINT Submodel Name - MAIN, 'i-6 CHRS

C Arithmetic Operators in SINDA Input - NO, !YES, NO

C Data Traceability Comments - YES, !YES, NO

C

C END TRANSLATION PARAMETERS

BCD 3THERMAL LPCS

BCD 9EXAMPLE OF PATSIN 3.0

BCD 9

BCD 2

END

BCD 3CONSTANTS DATA

NLOOP,5000

DRLXCA, 0,0005

BALENG, 0_001

ARLXCA, 0_00O5

END

BCD 3ARRAY DATA

END

BCD 3EXECUTION
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DIMENSION X(15000)

NTH-0

NDIM-15000

SSSOR

END

BCD 3VARIABLES 1

END

BCD 3VARIABLES 2

END

BCD 3OUTPUT CALLS

TPRNTF

END

BeD 3END Or DATA

The next step of the procedure is to run PATSIN program. Ask the computer system
manager for the commands used to call the program. Patsin presents a menu with
three options, where option one is to translate to SINDA.

SINDA INPUT LISTING (FROM PATSIN)
BCD 3THERMAL LPC$

BCD 9_LK PATSlN 3,0

BCD 9

8CD 2
END

C pATRAN GZNERATED NEUTRAL fILE WHOSE TITLE WA._: PATRAM.OUT:I

C

3.0
C CREATED ON: 21-AUG-90 AT 09:21:14

C WA_ USED BT "'" P A T S I N "'" VERSION ].0 T_ CIt_T_ THIS

C $1NDA INPUT PILE: EX LF_.SIN:7

C CREATED ON: If-AUG-90 AT 09:35:00

C

C 5EGIN TRANSLATION pP_TERS

C

C $INDA D_FAULT MATERIAL THERI_%L PROPERTIES:
C DensLty - 1.000. !ANY REAL

C Speclflc Heat - 1.000, !ANT REAL

C Cond X dlr - 1.000, !ANY REAL

C Cond Y dlr - 1.000, !ANT REAL

C Cond 2 tilt - 1.000, _ANY REAL

C Si_ - 1.000, !AN_ REAL

C

C $INDA E_NT C_NFIGURATION PZ.%G _$1G_f.NT$:
C 3D Bar o¢ Plate Or BtlcK - I. !INT 1-255

C 2D Axia_mltrlc Bar or Plate - 2. !INT 1-255

C One-Nay Pluld Flow Bat - 3, !INT 1-255

C DiSCtlte COnductor Ba_ - 4, !INT 1-25S

C D£acrete COnvector Bat - 5, !INT 1-255

C Di_ctete Radiator Bar - $, !aNT 1-255

C

C $1NDA CA/_/_LATION pARAMETERS:

C Approximately zero - 1.0000&-04. !ANY REAL
C CONY t KADI DFEG1 Move NOde to Surface - HO, !TE$, NO

C Conductors - Llne Of Siq_t Or centrold Of 8oundary - LOS. !LOS. COB

C

C SINDA OUTPUT SETTINGS:

c Default Initial NO're TQ_Derature - 70.00. !AMY R_.5

C Thermal Node ID OffSet " 0, !ANY INT

C TheZTal Condu_or IO Offaet - O, !AMY INT

C Data $%act Col_ " $, !IMT I-I

C Nrite OUt "3 _LlanX" Co_ore • - 0.00O0E+00, [ANT REAL

C Write Oat "3 ELlanK" DIF NOdil &l A]RI it Vol_ll_a ( - 1.00001£-04. !Jt_q"f R_.A_,

C Write PlO_ DATA in SINDA AzTaya - NO. !YES, SO

C Ntlte Neutral Wile of COnic Bail - YE_. !YES, NO

C Data BloCK DelLlllte¢ Ty_ - _:D. !BCD. KEADER

C SINDA-WL_/I_T SuZmo_el HI - MAIN. !I-6 CHRS

C Ar1_Jetic Operatorl in SIMDA In_t - NO. !YES. _D

C Data Tracea_illty com_nts - YES, !YES, NO

C
C END TRA_SLATIOH p_TEP.S

C
_2D 3NUDE DATA

C NOde. Init Tllp,

U_er note,.

-I. -200.00

-2. -200.00

-3, -200.00

-4, -200.00

-5, -200.00

-6. -200.00

-7, -200.00
-|, -200.00

-9, -200,00

_0, 70.000

11, 70.000

12. 70.000

13. 70.000

14, 70.000

AS, 70.000

16, 70.000

17. 70.000

Density . 5[NI_ Heat "

|.llllDE-01

l.nseD&-ol

1.$|$19_-01

|.llllDE-01

|.lll$DE-01

$.l||l_E-01
l.|lll_E-01

1.11$1$E-O|

|.llll_E-01

3,59316E-03

3.5931&E-03

3.sg31_E-03

3.5931&E-03

3.59316E-03

3.593162-03

3.59316E-03

3.59316E-03

Vol_m $ TYP Cfq Pza Mid Cord _yp

$ 8o_ 1 1 I GLK_AL R

5 BOO 1 1 i G_OBAL R

$ _ l l I GLZ_AL R

5 _0_ 1 l I GLOBAL R

S _U I l i GLOBAL R

S BOU 1 1 I GLOBAL R

S BO_ 1 1 I GLOBAL R
$ _ 1 1 i G LO_AL R

S Bo_ I 1 i GLOBAL R

$ DIP 1 i0 I GLOBAL R

$ DIF 1 lO 1 GLG_A L R

$ DIF 1 10 i GLOBAL R

$ DIF 1 l0 I GLOBAL R

S DIF ; 10 1 GLOBAL R

$ DIF 1 i0 1 GL_ R

$ DIP 1 i0 1 GLOBAL R

$ DIF I i0 i GLOBAL R
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11, 70.000

lS. 70.000

20, ?0.000

21. 70.000

22, 70.000

23, 70.000
24, 70.000

25, 70.000

2&, 70.000

27, 70.000

21. _0.000

29. 70.000

30. 70.000
31, 70.000

32, 70.000

33, 70.000

34, 70.000

35. 70.000

36, 70.000

37, 70.0O0

30, 70.000

39, 70.000

40, 70.000

41, 70.000

42, ?0.000

43, 70.000

44, ?0.000

45, 70.000
46. ?0.000

47, 70.000

48. 70.000

49, 70.000

SO, _0.000

51, 70.000

52. 70.000

53. 70.000

54, 70.000
55. 70.000

56, 70.000

57, 70.000

50, 70.000
59, 70.000

60, 70.000

61, 70.000

62. 70.000

63, 70.000

64, 70.000

65. 70.000
66, 70.000

67, 70.000

6|. 70.000

6g. 70.000

70. 70.000

71, 70.OOO

72, 70.000

73. 70.000

74, 70.000

75. ?0.000

76, 70.000

77, 70.000

7|, 70.000

79, 70.000

10, 70.000
El. 70.000

12, 70.000

13. 70.000

14, 70.000

I5. 70.000

86. 70.000

17, 70.000

gm. 70.000

19, 70.000

90, 70.000

91, 70.000

92. 70.000

93, 70.000

94, 70.000

95, 70.000

96. 70.000

97. 70.000

90, 70.000
99, 70.000

100, 70.000

101, 70.000

102, 70.000

103, 70.000

104o 70.000

105. 70.000

I06, 70.000

10% 70.000

10S, 70.000

109, 70.000
110. 70.000

111. 70.000

112. 70.000

113. 70.000

114. 70.000

116. 70.000
116. 70.000

117, 70.000

118. -200.00

119, -200.00

120. -200.00

121, -200.00

122. -2OO.OO

123, -200.00
124. -200.00

125. -20000

3.$931&E-03

1.1402|E-03

1.0402|Z-03

1.|40200-03

1.140210-03

1.140201-03
1.140280-03

1.140210-03

1.140210-03

1.140210-03

9.796070-04

9.79607E-04

9_79607Z-04

9.796071-04

9.79&071-04
9.79607E-04

9.796071-04

9.796071-04

9.79607Z-04

5.431461-04

$.431461-04

$.431461o04

$.431461-04

5.4314_.,,-04

5.4314(_-04

$,43141_-04

5.431461-04

5.43147E-04

3.13055Z-04
3.130S51-04

3.130551-04

3.130S51-04

3.131551-04

3.13t550-04

3.138551-04

3.131550-04

3.13155E-04

1.81105Z-04

I.III0$E-04

I.II105Z-04

1.11105Z-04

1.111050-04
1.111050-04

L.III051-04

1.100060-04

1.1ll0$Z-01

1.179320-04

1.179320-04

1.179321-04
1.179321-04

1.179321-04

1.17932Z-04

1.179321-04

1.179321-04

1.17932Z-04

7.620290-05

7.6202_-05

?.&2029_-06

7.6202_-06

7.6202_NZ-05

7.&20251-05

7._2029E-05

7.6202_-05

7.620291Z-0S
5.071300-06

5.071301-06

S.071310-05

5.071360-06

5.07131E-05

5.071310-05

5.07131Z-06

5.07131E-06

5.071310-q5
10£.51

106.$1

106.51

806.51

106.51

106.51

806.51
i06.51

806.51

$06.51

106.$1

806.51

806.51

806.51

$06.51

106.51

106.51

106.51
106.51

106.$1

mo6.51

IO6.51

lO6.$1

lO6.51
lO6.$1

IO6.$1

8o6.51

-o.12o91

-0.I2091

-0.1209|

-0,12098

-0.12091

-0.1209|
-0.12096

-0.12091
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$ DIF 1 i0 i GLOBAL R

$ DIF 1 lO 1 GLOBAL R

$ OIF I 10 I GLOBAL R

$ DIF 1 I0 I GLOBAL R

$ DIF I I0 i GIX_6AL R

$ DIF i i0 I GLOBAL R

$ DIF 1 i0 L GLOBAL R

$ DIF 1 i0 I GLOBAL R

$ DIF 1 1o 1 GLOBAL R
S DIF i 10 I GLOBAL R

$ DIF i I0 I GLOBAL R

$ DIF I 10 i GLOBAL R

$ DIF I i0 i GLOBA5 R

$ DIF 1 I0 I GLOBAL R

$ DIF i IC I GLOBAL R

$ OIF i i0 I GLCSAL R
$ DIF i 10 I GIZ_6A L R

$ DIF I 10 1 GLCSA L R

$ DIF 1 10 I GLOBAL R

$ OIF 1 I0 1 GL_L R

S DIF I I0 i GLOBAL A

$ DIF 1 10 1 GLOBAL R

$ OZF i I0 1 GL<_AL R

$ DIF I 10 I GLOBAL R

$ OIF i i0 I GL06AL R

$ DIF i i0 I GLOBAL R

$ DIF 1 i0 i GLOBAL R

$ DIF I I0 I GLOBAL R

$ DIF 1 10 1 GLOBAL R
$ DIF 1 i0 1 GLOBAL R

$ DIF 1 10 I GLCSAL R

$ DIF 1 I0 1 GLOBAL A

$ DIF 1 10 I GLGSAL R

$ DIF I 10 I GLOBAL R

$ DIF 1 I0 I GL08A L R

$ DIF 1 i0 i GL06AL R

$ OIF I i0 I GIX_A L R

$ 0IF I I0 I GL_L R

$ OIF I I0 I GLOBAL R

$ DIF i I0 1 GLOBAL R

$ DIF i i0 1 GLO6A L R

5 DIF I i0 I G L_36A L R
$ OIF 1 i0 I GLOBAL R

$ DIF 1 i0 i G L08AL R

$ DIF I 10 l GLOBAL R

$ DIF I 10 1 GLaOSA L R

$ DIF ! i0 1 GLOBAL R

$ DIF I i0 1 GLOBAL R
$ DIF 1 i0 1 GLOBAL R

$ DIF 1 I0 i GLOBAL R

$ DIF 1 10 1 GLQaA L R

$ DIF 1 I0 1 GLOBAL R

$ DIF 1 10 1 GLGaA L R

$ DIF 1 10 1 GLOBAL R

$ DIF 1 I0 1 GLOBAL R

$ 01F i I0 I GLOBAL R

$ DIF i i0 i GLOBAL R

$ DIF i i0 1 GI_lIA L R

$ DIF i i0 I GIX38AL R

$ DIF 1 10 I GLOBAL R

$ DIF i I0 i GLOBAL R
$ DIF 1 I0 1 GLOBAL R

$ DIF 1 i0 I GL£_AL R

$ DIF I I0 1 GLOBAL R

$ DIF I 10 1 GLOBAL R

$ DIF l _0 I GLOBAL R

$ DIF i 10 1 GL08A L R

$ DIF 1 _0 1 GLOBAL R

$ DIF I I0 i GDOBAL R

$ DIF I I0 I GLO_A L R

$ DIF i I0 1 GIX_BA L R

$ DIF 1 10 i GLOBAL R
$ OIF 1 I0 i GLOBAL R

$ DIF ! 9I 2 GLOBAL

$ DIF I 91 2 GLO_AL R

$ DIF 1 91 2 GIX_AL R

$ OIF i 91 2 GIX_AL R

$ DIF 1 91 2 GLQ_AL R
$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF I 91 2 GLOBAL R

$ DIF I 91 2 GLOBAL R

$ OIF 1 91 2 GL4DSA L

$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R
$ DIF 1 91 2 GLOBAL R

$ DIF i 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF I 91 2 G_D_AL R

$ DIF 1 91 2 GLOBAL R

$ nit 1 11 2 C _D_AL a

$ DIF I 91 2 GLOBAL R

$ DIF 1 91 2 GL06AL R

$ DIF I 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GLOBAL R

$ DIF 1 91 2 GL_L R

$ ARI i IARI 2 GLOBAL R

$ ARI I IARI 2 GLOBAL R

$ ARI 1 IARI 2 GLC_A L R

$ ARI 1 IARI 2 GLOBAL R
$ ARI i ZARI 2 _LOBAL R

$ kRl l IA_I 2 GLO_A L R

$ ARI i IA/_I 2 GLOBAL R

$ ARI 1 i_I 2 GL_3_A L R



$ AR1 1 IARI 2 GLOI_AL R126. -200.00 , -0.1209e

-12T. ?0. 000 I. 000001-03 $ BOU 1 127 1 GIX]_L R

PJfD

C
BCD 3SOURCZ DATA

C HOOI¢. L<_oV HEAT/.t_AOV $

E.VD

C

54_* 3COk'DUC'_ DATA

C CONDUCTOR $194BOL lCEY$: lcond #. 1node #. 3node #. Gvll

C " I" - luffL_, the 1node part.

C "-J" - BUffet. the 3node I_1[_..

C ;/" - irzci_catoll jertllj connec%ion of the tvo )e¢jlumt• on e&Ctl J£dl Lnto • l•_ql_ Ill,lint OF vholl ¢OIlduc_or.

C "F RADZ" - • FTIm RADlatlorl conductor, corlnqK:'ts betueen coP.flgS 11 21 3

C "F-COIN" - • Free-CCNVeC¢tor_ conductor. Connec%l betveen confiql II ZI 3

C _CONT" - a COl_num io_lwnt of * COMUCtOL Cormlctl _etwlmn confiqs I I 21 3
C'FL CONT" - • Fbov COIrtlflun con¢lu_ot. Is • conf£g - 3 and connectlp betveen confiql tl 21 31 in reJtrzc_ld ways.

C "C-KAgI" - • CCelcact RADiation conductor. Conrmc¢l bl_ ¢onfiql 11 21 3

C -C-CO_ - • Corll:act CONVec%anCe (fi/Jm con¢lMct_arlce) mKjl_ml; of • collchzc¢or or vhole conducl;or. CoPJle¢_l conf£ql I I 2* 31

C "O-COND" - • DtlCrlll_; COI_PJ_CO_ cond[u_o¢. UIel Coftflq * 4 to CollJ_o¢% Corlflgl 11 21 3

C "D-COIN" - • Dklcrete-CONv_K:tlon c_l_luctor. Ulml confiq o 5 _o connec¢ ccmfiql 11 21 3

C "D-RADZ" - • Dilcrete-RADIa_ton conductor. UIel conf£q - $ to connect; con££ql _l 21 3

C Condu_.or,

1.

2,

3.

4,

5,

6.

7,

$,

9.

10.

11.

12.
13.

14.

15.

17°

1l.

19°

20.

21.

22.

23.

24.

25.

2_.

27o
21o

29.

30.

31.

32.

_3.

34.

35.

37.

31.

40.

41.

42.

43.

44°

4S.
4_.

47.

41.

50.

52.

53.

54.

55.

57.

Se,

_1.

_2.

_3.

64.

Ke.

?0.

71.

?2.

73.

74.

77.

78.

t0.
I1.

12.

13.

14.

15.

go_ei. NOdeJ. Concb_c¢or S

1. 2, 1.00000E-04 $ NODE ;/CONT _/cowr J/NODE J
L 4. _.oooooz-o4 $ _ODE:Zlco_:Z/COVtT:J/NODE:J
_. *z. _._$z s _z Z/CONT J/NoDE J
z, 3, z.oooooz-o4 s NODE-Z/CO_-Z/CON'r-_/NODEJ
z. s, _.ooooos-o_ s _oDe:z/co_:_/co_:al,oDe:J
z, ,3. _.?_47 $ NoDE Z/C_,T J/NOOZ J
3. s. i.oooooz-o4 s _-z/oo_-z/co_-_/,o__J
3, 84. 3.3950 $ NOOZ-ZICO_T-JINOOE-J

4, 5. 1.000001-04 $ NODZ-Z/COI_-I/COI_--3/NOD_ 3

4, 7, 1.00000E-04 $ IfOD_-ZI_OKT-[/CONT-31NODE_J

4, IS, 3.7347 $ NOOE-ZICO_T-JIH(X)E-3

5, $. 1,000OOE-04 5 NODE_ICOW_:[ICOWT:31NODE_3

5. |, 1.00000E-04 $ NODE _/CONT T/CONT 31NODE_J

S, |_, 4.1497 $ NODE-T/CONT-31NOOE-J

_. % $.00000Z-04 $ NOD[:I/COWI"_[/CO_T_JINODB_J

6, I?. 3.7346 $ _ooE T/CC_T JIgOOE J

?, $, 1.00000E-04 5 NODE:I/CON"J':Z/CON"J':J/HODE3

7. BE, 3.3950 $ NODE _/CONT 31NODE

l, 9, 1.00000[-04 $ NOD[-IICONT-IICONT'-3/NOD[_3

S. 90. 3.3911 S NODE I/CONT J/NODE J
Z0. 11. 0.53_2_ S _.)oDe-z/colrt-zlcoN'r-alNoDe J

10. 13. 0.53_2_ $ ItODE-I/CONT-I/CONT-31NOD£-J

1o, 1_, 1._034 $ _DZ-Z/CO_-Z/CO_-:/.ODZ-:
1o. 91. 1.oz*_ $ ,ODE:Z/CO_:Z/CONT:J/NODE:J
zz, zz. o.$370_ s NO_ z/co_ z/co_ J/NODE :
01. 04. 0.3370_ s NODe-zloo_rt-:lco_-JINoDe-J
zz, ao, z._017 s NODE-Z/CO_-Z/¢O_-O/NODE-J
1z, _4. Z.0_ S NO_-z/oo.-r-z/co_-a/.ooz-:
12. 15. 0.5372_ $ NODE-Z/CONT-Z/CONT-J/NOD£-3

12. 21. 1.1e33 $ HODE-I/cowr-I/cowr-J/NOD[-3

zz. _. z,0z*_ s NODE-Z/eO.T-Z/CO_-J/.OOZ-J
z3. _. o._370_ s NODE-Z/ODWr-Z/CO_-J/NOD_-a
13, 1_, 0.S372_ S NOOE-Z/ODNT-Z/CONT-J/NODE-J

03, zz. :.3o1_ s NO_-z/eo.'r-z/coN":-a/.ooz-J
03. _Z. 1.03_. S NODe-zlcolrt-zlcolrt-alWODe-a

14. z$. o.sJ?zi s NODC-Z/CONT-ZI¢O_-JI_ODI_-J

14. 1_. 0.$3_2_ $ _ODE-Z/CO_'-I/CO_-a/NODE-J

04. 23, 1.44_3 s NODE-Z/CONT-Z/CO_r-J/NODE-_

04, _s. 1.o_zo $ NODe-z/_-_/co.'r-J/NODe-J
15. 18, 0.5372£ $ NODE-[ICOWT-IICO_-J/NODE-3

15. 24. 1.3017 $ NODE-IICOW_-IICON¢-3tNODE-3

zs, 9E. _.o3_ s NODe-zlco_rt-z/co_rr-JINODe-:
16. 17. 0.53?26 $ NODE:ZlCONT:Z/CONT:31NODE_J

16. 2_. 1.1134 $ NODE Z/CONT ZICONT J/HODE 3

1_. _3. z.01*_ $ _ODE-ZlCONT-_ICO_T-:/NODZ-J
17, 18, 0,5372_ $ NOD£:I/CONT:I/CONT:31NODE:3

1_. 26. 1.3017 $ NODE T/CONT I/CON¢ 31NODE J

17. 96, 1.039_ $ t_DE-TICONT-IICONT-JINOD£-J

El. 2_. Z.ZI33 $ NODE:TICONT:Z/CONT:3/NODE:J

1|. 99. 1.0119 $ NODE I/CONT I/CONT JINOD£ J

_, 20. 0._033s s NODE:ZlCONT:ZlCONT:JINODE:J
19. 22. 0.40335 $ NODE Z/CONT I/CO_T 3/NODE 3

i_, z*. z.o_ s _ODE:ZlOO_T:Z/CO_rr:JINODE::
z0. 20. 0.40333 s .oDE _/co_ z/tom" J/NO_ J
20. 23. 0.40335 $ NODE-I/COIr_-I/CO_-J/]#OD£-J

20. 2_. 1.2073 $ MODE-IICO;_t-I/COKT--JINOD_--J

21. 24. 0.40335 $ ROD_--IICON_--IICONT--JINOO_--J

21. 30. Z.0_?E $ NODE-IICONT-IICORT--31_OD£-J

22. 23. 0.40335 $ _ODE-II_ONT-IICON_-J/NOD£-3

22, 25. 0.40335 $ NODE:IICONT_IICO_T:JINODE:J

02, 31, i.z0_] s .o_ :/co_ z/co.'r _/NODZ :
23, 24, 0.40335 5 RODE_I/COI_I/CON_JINODE_3

23. 23. 0._o_33 s ,eDE z/co_ z/cowr J/NoDE :
23° 32, 1.3416 $ NODE-I/COIrt-IICON_-JINODE-J

z4, 2_, o.4o_$ $ NODZ:Z/OO_:I/CO_:J/NODE:J
24. 33. 1.2074 $ NODE I/COIr_ I/CONT J/NODE J

zs. z_, o.4o333 s _,,oDE:zlco_:z/co_:J/NODe:J
zs. 34. _.o_?? s _oDe z/co_ z/co_ J/NoDE J
26, 27. 0.40335 $ NODE--IICOW'r--_ICONT-JINODE-J

2$, 35, Z.Z0?4 $ NODE-Z/COKT-Z/COI¢'[-J/NOD£-J

29, 36, 1.097_ $ NODE-II_ONT-I/CONT-JINOD£-3

_$. 2_. o._o2*z $ _DE-Z/CO_-Z/CO_-J/NODZ-:
2l. 31. 0.302|1 $ NOD£-I/COKT-I/CON_-JINODE-J

28, 37. 1.05_6 $ NODE-IICONT-IICONT-J/NODZ-J

29. 30, 0.30211 $ I*XJDE-I/CONT-IICONT-JINODE-J

29, 32, 0.30211 $ NODE-Z/COh'T-I/COW_-J/NODE-3

29, 38, _.1655 5 NODE-I/CON_-I/CONT-J/NOD[-J

30. 3_. 0.3020; s .ODE-Z/CO_T-I/cowr-J/_ODZ-J
30. 3_. _.0S_ s NODE-:/CO.T-Z/COW_-J/NODE-J
_z. _z. 0.300$z $ NODE-_/co_r-z/co_-J/NoDe-J
31. 34, 0.302|1 $ NODE_I/CO_I/CO;#T_J/NODE_J

31, 40. 1.1656 $ NODE IICONT IICO_Fr J/NODE J

_, _. o_o_*z $ _oDe:z/co_:z/co_:J/NoDe:J
_z, _5, 0._o2*z $ NODe z/co__z/co__J/_oDe_J
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liE,.

li7o

lili,

$9o
90,

91,

92,

93,

94.

95.

96.

97.

9li°

99.
100,

101,

102,

103.

104.

105.

106.

107.

10|,

109.

110.

111
112

113

114

115

116

117

I18

119
120

121

122

123

12li

125

126

127

125

125

130

131

132

133

I34

135

136

137

138.
I39.

140.

141,

142.

143,

144,

145,
14_.

147,

14|,

149.

150.

151,

152.

153.

154,
155,

156,

157,

15|,

159,

160,

161,

162,

163°

164,

165,

166,

167,

16li,

169.
170.

171.

172,

173.

174
175

176

17"7

178

179

1|0

1|1

152

I83

lli4

185

lli6

1|?

155

189

190

191

192

193

32, 41, 1.2951

33, 36, 0.302|1

33. 42. 1.1656

34. 35. 0.302|1

34. 43. 1.0596

35, 36, 0.30281

35, 44, 1.1656

36. 45, 1.0596

37, 3li, 0.22?30
37, 40. 0.22730

37, 46. 1.0662

3li, 39, 0.22730

36. 41° 0,22730

3li. 47, 1.I727

39, 42, 0,22730

39, 4|, 1.0661

40. 41, 0.22730
40. 43, 0,22730

40, 49. 1.1727

41, 42, 0.22730

41, 44. 0.22750

41, 50, 1.3030

42, 45, 0.22730

42. 51, 1.1727

43. 44. 0.22730

43. 52, 1.0660

44, 45, 0.22730

44, 53, 1.1727

45, 54, 1.0661

46. 47. 0.17060

46, 49, 0.17060
46, 55. 1.1176

47. 4|, 0.17060

47, 50, 0.17060

49. 56, 1.2293

4l. S1. 0.17060

45, 57. 1.1176

49. 50. 0.17060

49, 52, 0.1706h

49. 58, 1.2292
50. 51. 0.17060

50. 53. 0.17060

50. 59. 1.3660

51. 54. 0.17060

51. 60. 1.2295

52, 53, 0.17060

52, 61, I.i176
53. 54. 0.17060

53. 62. 1.2295
54, 63, 1.1176

55, 56. 0.12102

55. 51° 0.12102

55, 64, 1.2185

56, 57, 0.12802

56, 59. 0.12802
56, 65, 1.3403

57, 60o 0.12802

57, 66, 1.2115

51, 59° 0.12802

51, 61. 0.12102

5l, 67, 1.3404

59, 60. 0.12|02

59. 62. 0.12102

59. 68, 1.4li93

60. 63. 0.12102

60, 69, 1.3403

61. 62° 0.12|02

61, 70. 1.2185

62° 63° 0.12li02

62, 71, 1.3403

63, 72. 1.2115
64. 65, 9.605556-02

64, 67. 9.605556-02

64, 73, 1.3772

65, 66° 9.60555R-02

65, 6|. 9.605556-02

65. 74. 1.5150

66, 69, 9.60555E-02

66. 75. 1.3772

67, 61. 9.605556-02

67. 70, 9.60555E-02

67. 76. 1.5150

65. 69, 9.605556-02

6L 71. 9.605556-02

6|. 77, 1.6633

69, 72, 9.605556-02
69, 7li. 1.5149

70. 71. 9.605556-02

70. 79. 1.3772

71. 72, 9.605556-02

71. li0, 1.5150

72, lil, 1.3772

73. 74, 7.205946-02

73. 76° 7.205_46-02

73, 82. 1.6070

74° 75° 7.205_4E-02

74° 77, 7.205_46-02

74, |3, _.7676

75, 76° 7.205_IE-02

75, 84, 1.6069

76, 77° 7.20594g-02

76, 79, 7.205956-02

76. |5, 1.7676

77, 78, 7.205946-02
77, |0. 7.20594E-02

77, |6, 1.9640

70, $I. 7.205946-02

7|. 17. I_7676

8-2-13

$ NODE I/CONT I/COMT J/NODR J

$ RODR-I/OONT-IICONT-JINODR-J

$ MODE-I/CONT-IICONT-JINODZ-J
$ NOD_-I/CONT-I/CONT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-I/CONT-I/COMT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-[/CONT-I/COMT-J/NODE-j

$ NODE-I/COMT-I/CONT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-j

$ NODE-I/CONT-I/CONT-J/NODE-J

$ MODE-I/CONT-IICONT-JINODE-J

S NODE-I/CONT-I/CONT-J/NODE-J

5 _ODE-I/CONT-I/CONT-J/NODE-J

$ _ODE-I/CONT-I/CONT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J
$ NODe-IICONT-I/CONT-JINODE-J

$ _,K]DE-I/COMT-Z/CONT-JINODE-J

$ _DE-IICOWT-IICOWT'-JINODE-J

$ YSODEZI/COWT_I/COWT_JINODE_J
$ MODE IICONT I/CONT J/MODE J

$ NODE-IICONT-TICOgT-JINODE-J

$ NODE-IICOWTmIICOMT-JINODE-J

$ NODE-I/CONT-I/CONT-J/NODE J

$ NODE-I/CONT-I/CONTmJ/NODE-J

$ NODE-IICONT--I/CONT-JINODE-J

$ NODE-I/CONT-I/CONT-J/NODE J

$ NODE-I/CONT-I/COMT-JINODE-J
$ MODE-I/COWT-I/COMT-J/NODI_-J

$ MODS-IICONT-IICONT-JINODR-J

$ MOOZ-I/COIrr-I/COMT-J/NODE-J

$ WODE-I/CONT-IICONT-JINODE-3

$ NODE-I/CONT-I/CONT-J/NODE-J

S NODE-I/CONT-I/CONT-J/NODE-J
$ NODE-I/CONT--I/CONT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ k_ODE-I/CONT-_/CONT-J/NODE-J

$ _ODE-I/CONT-I/CONT-J/NODE-J

$ NODE-IICOWT-I/CONT-JINODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ k_ODE-I/CONT-IICONT-J/NODE-J

$ _#ODE-I/CONT-IICOWT-JINODE-J

$ NODE-I/CONT-tlCONT-J/NODE-J

$ _ODE-I/CONT-IICOWT-JINODE-J

$ NODE-I/CONT-I/COtCr-J/NODE-J

$ NODE-IICONT-IICONT-JINODE-j

$ NODE-I/CONT-I/COMT-J/WODE-J

$ NODE-I/CONT-IICONT-J/MODE-J

$ NODEmI/CONT-£/CONT-J/NODE-J

$ MODE-ZICONT-I/COMT-J/NODE-J
$ MODE-I/COMT-I/COMT-J/NODE-J

$ NODE-I/COMT-I/CONT-J/NODE-J

$ NODZ-I/COWT-I/COIdrT-JINODE-J

$ NODE-I/CONT-I/COIrr-J/NODE-J

$ MODE-I/CONT-I/CONT-J/NODE-J

$ NODE--IIO01rr-IICOWT-_INODR-J

$ NODE-I/ODNT-IICONT-JINODE-J
$ _DOE-I/ODNT-IICOMT-JINODE-J

$ NODE-IICONT-I/CONT-JINODE-J

$ )#ODE-I/CONT-IICOMT-JINODE-J

$ NODE-I/CONT-I/COMT-J/NODE-J

$ P;ODE-IICOMTmlICONT-JINODE-J

$ _ODE-IICOWTmIICONT-JINODE-J

$ NODE-I/CONT-I/CONTmj/NODE-J

5 NOD£-I/CONT-I/CONT-J/NODE-J

$ NODE-I/CONT-IICONT-J/NODE-J

5 NODE-I/CONT-I/CONT-JINODE-J

$ WODE_I/CONT-I/CONT_JINODE_J
$ N_D£ I/CONT-IICONT J/NODE J

$ _ODE-I/CONT-I/CONT-J/NODE-J

S NODZ-IICONT-I/CONT-JINODE-J

$ MODE-1/CONT-I/CONT--J/NODE-J

$ _ODE-IICOWT-IICOWT-JINODE-J

5 WOD£-IICOWT-I/CONT-JINODE-J

$ NODE-I/CONT-I/CONT-J/NOD£-J
$ MODE-IICOWT-IICONT-JINODE-J

$ MODE-IICOMT-I/COMT-JINODE-3

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-IICONT-I/CONT-J/NODE-J

$ WODE-I/CONT-I/COMT-J/NODE-J

$ NOD£-IICOMT-I/COWT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-I/COMT-I/CONT-J/NODE-J

$ N_DE-IICONT-I/CONT-JINODE-J

$ k_ODE-I/CONT-I/CONT-J/NODE-j

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-I/CONT-I/CONT-J/NODE-J

$ NODE-I/COWT-I/CONT-J/NODE-J
$ NODE-I/CONT-I/CONT-J/NODE-j

S k_ODE-I/CONT-I/COMT-J/NODE-J

$ NODE-I/CONT-I/COHT-J/NODE-J

$ NODE-IICONT-IICONT-JINODE-J

$ PtODZ-I/COMT-I/CONT-J/NODE-J

$ NODE-I/COMT-I/CONT-J/NODE-J

$ NODE-IICO_T-I/CONT-J/NODE-J

$ MODE-I/CO_T-I/CONT-J/NODE-J

$ NODE-IICOMT-I/CONT-JINODE-J

$ MODE-IICOWT-I/CONT-J/NODE-J

$ NODEmI/CONT-I/CONT-J/NODE-J

$ MODE-IICONT-I/CO_-JINODE-j

$ NODE-I/CONT-IICONT-JINODE-J

$ NOD_-I/CONT-I/CONT-J/NODE-j

$ NODE-I/CONT-IICONT-J/NODE-J

$ NODEmI/CONTmI/CONT-J/NODE-J

$ NODE-I/CONT-I/CDNT-J/NODE-J
$ NODE-I/CONT-I/CONT-J/NODE-j

$ NODE_I/CONT_/CONT_J/NODE_J



194 ?9,

295 79.

196 i0,

197 10.

191 81,
199 12.

200 82,

201 e3,

202 83,
203 el.

204 IS.

205 15.

201 IK.

207 SE,

201 I?o

209 II,

210 89,

211 91,

212 91.

213 91.

214 92,
215 92.

216 92,

217 93.

21l 93,

219 94,

220 94,

221 94°

222, 95.

223, 95,

224, 95,

225, 96,

22&, 96.

227. 97,

220. 9_,

229. 9l.

230, 98,

231, 99,

232, 100,
233, I00,

234. 100.

239, 101,

23E. 101.

237 101.

230 102.

239 102,

240 103.
241 103.

242 103,

243 104.

244 104.

245 104.
24K 105.

24? 105,

241 106,

249 106,

250 107,

251 107.

252 101,

253 109.

254. 109.

255. 109,
256, 110.

257. 110,

261, 110.

259, 111.

260, 111.

251, 112o

262, 112.

263. 112.

264, 113.

265, 113o

266, 113.

267, 114.

268, 114,

269, 115.

270, 115.

271° 116.

272. 116,

273,
NODE_I/CQMTI/NODE J2?47 110,

2?5, 111,

276, III,

277, 119,

2?0, I19,

276. 119.

200, 120,

281, 120.

252, 121,

293. 121.

284, 121,

285. 122.
216. 122.

217, 122,

2ll, 123.

219, 123,

290, 124,

291, 124,

292, 125.

293, 125,

294, 126,

eND

C

3CONSTANTS DATA

N_P, 5000

DRI.XCA. 0. 0005

t0, 7.20594E-02

II, 1.6069
01. 7.205_4[-02

19. 1.7K76

90. 1.6070

13. $.40611[-02

15. $.40511[-02
14, 5.40911[-02

86, 5.40911[-02

17. 5.405111-02

06. 5.40511[-02

el. $,40611[-02

17, $.40511[-02

89o 5.40511E-02

90. $.40511E-02

19. 5.40511[-02

90, 5.40511[-02

92, 0.33333
94, 0.33333

100, 0.75000

93° 0.33333

95, 0.33333

101. 0.75000

96. 0.33333

102. 0.75000

95. 0.33333

97. 0.33333

103, 0.75000

96, 0.33333

91. 0.33333

104, 0.7S000

99. 0.33333

105, 0.75000

9e. 0.33333

106, 0.75000

99, 0.33333
107, 0.75000

101. 0.75000

101, 0+33333

103. 0.33333

109, 0.?S000

102, 0.33333

104, 0.33333
110. 0.75000

105. 0.33333

111. 0.75000

104. 0.33333

106. 0.33333

112. 0.75000

105. 0.33333

107, 0.33333

113. 0.75000

106. 0.33333

114, 0.75000

107, 0.33333

115, 0.75000

108, 0.33333

116. 0.75000

117, o.?5000
110, 0.33333

112. 0.33333

110. 1.5000

111. 0.33333

113. 0.33333

I19, L.S000

114. 0,33333

120. 1.5000

113o 0,33333

115. 0.33333

121, 1.5000

114, 0.33333

116, 0.33333

122. 1.5000

117, 0.33333

123, 1.5000

116. 0.33333

124, 1.S000

117, 0.33333

125, 1.5000

117, 126,

119. 5.00000[-05

121, 5.00000[-05

127, 1.1400

120. 5.00000E-05
122, 5.000001-05

127. 1.1400

123, 5.00000E-05

127, 1.1400

122, S.00000E-0b
124. $.00000E-05

127, 1.1400

123, 5.00000[-05

125, 5.00000[-05

127. 1,1600

126. S.00000E-05

127. 1,1400
L25, 5.00000Z-05

127, 1.1400
L26. 5.00000E-05

127, 1.1400

127, 1.1400

1.5000

$ NODE IICON'r I/CONT JINOD[ 3

$ NOD_-I/_- 1 ICONT-J/MOO[-3

$ MOO[-IICOIrC-IICONC-31NODt-J

$ WODA--! I COI_T--I ICON"t-JINODE-J
$ NOO[-- I / COI_-- 1/COlrT-J IMODE-J

S _ - ! / COIr¢- ! / COI_ -J/NOO_-J

S NOD[-IIOOlrt-IlCOWT-31NODI_-J

$ NOD[-I I(X)'WT-I ICOtrt-J IN01_-,7

S NOD[-I / CON'r - I / CO;rr -J/NOD[-J
S NOD_-I / COIrr- I/COlrr-J INODZ -J

$ NOD_- I/COIrr-1/COlrr -J INOO[-J

$ NOD£-I / CO1_-1/CONT-J INODR-J

$ ROD[-I I_OIr_-I ICOI_-31NOD[-J

$ MODe- I/C01_-I/CON_-31NOD[-J

$ NODE-I / COIrr - I/coKT-J / NODE-J

5 NODE- 1 / CO1_- 1/colrr -J / NOD_ - J

$ NODE-Z lCONT- I/CONT-J/)K)D[-J

S MODE-IICOIrt-IICONT-31NODI_-J

$ _#OID[-I ICONT-! ICOItT-.;INODE-J

$ NC_D_-Z / COh'T-I/COrr-J/NODZ-J

$ IK)O_- I / COIt_--I/COlt!-.; IMOOE-J

$ IfOO[-IlCOI_-IICOI_-JINOOE-.;

S NOD[- I / C(3ffT--t/COI_--.; / MOOI_-J

$ NOD[-IIOOI_--IICON'T--JINOIZ--J
$ NOD[-Z / CO;rr-- I/cofrr-J/NODE-3

$ HOD[- I/CCJ'r--I/CONT-.;/NOD_-J

S NO_-I/COIrr-I/colrr-J/NODI_-J

$ NOOE-I / coIrr- I / CoN'r-.; IxOIz-J

$ NO0_- 1 / coIrr-I I Colrr -J / NOD_- J

$ wOt_-I ICON!-! ICON't-311K)_-_

$ MOOn-1 I_Olrt-I ICONT-JIMOI_-.;

$ _OOE-I ICOh"t-I IC01rt-31NOD[-3

I NOO_- I / COlrr - 1/co_r-.; I;¢0OE-.;

$ NODE-! l COrt--I ICOI_-.;INOD[-J

S NOD_-I / COlrF- I/co_-.;/MODE-J

$ _OD['_It_ONT-IICONT-_..;INOD['_.;
$ NOD[ I/CON_ !/COWT J/NOD[ J
$ NODE- 1 / COlt!- %/ CONT-J / NODE-:

5 NOD[--! / COlrt-Z ICON'T-.;INOD[-J

$ _OD[--I / CON_-I/COI_-31NOD[-J

$ k_3D[--T I COWT--1 ICOM_-3 tSO0[-3

$ NOD[--I/CONT--I / COh_-J INODE-J

$ NOD_- I/COR_- 1 / COb'T--J / NO;_ -J

$ k_3O[-- I/CON_--I/COWT-J/NODE-J

$ SOD_-I/COI_-I/CON¢--J/NOO[-J

$ NOLO- I/CONT-I / COlrr-.;/NOD[-3

$ NOD_- I/COlrr-l/colrr -.;/NOO_-J

$ ;_ODE-I ICOIr_-I ICON¢-JINOD_-J

$ MODZ-I ICOIrt-I ICOI_-.;INOOE-J
$ NOI_-I/cort-I ICOlrt-JIIK)DA-.;

$ NOOE-T I(Z)rt-I ICO_T-JI_K)Df_-.;

$ NOOE-I I(:_rt-I ICOh"t-.;IMODE-.;

$ NOD_-I I OORT-- Z ICON!-.;/NOOE-J
$ NOD[-I I_-1 ICO_-.;I_-J

$ Ifol_-IICOfrt-IICOrt-.;Ik'Ol_-.;

$ NO0_--T I_--1 ICORT-.; INOO_-J

$ _-I I OOR't-! ICON'!-,; I_mO_-_

$ NOOn-1 / CONT-!/COIr_-J/l_O_-J

$ _-ilOo;rr-zICOrt-JIMOOl_-J

S _OZ_- _ / omrT- z/co_-: I _oo_ -J

S _oo[-TlCOrt-Zlcort-alWO_'_J
s _oE- t/co_- _/XODE-.;

s _oO[ - 1 / COW_ -! / CON'T -,." / m_O_ ,_

S MOD[-IICONT--ZICON¢--JINOD[-J
$ M_OE- I/CONT- Z/WOOE-.;

$ t_ODE,-I / COWT -I / COlrr -_ / NOD[ .7
S NODE- 2 ICC_T- I/NODE-.;

$ NODE - I / COI_ --I / CON_ --J / NOD[ 3

$ NOD[-I / COI_-I/COh_-J/NO_-_J
S NQOE- I/COl(T- I/NODE-.;

$ NODE-I/CONT-T/CONT-JINODE J

$ NODE- I / COI_-I/CONT-J/_ODE_J
$ NOD_- 1 ICON'!- I/NODE- J

$ _OOE-IIO31rt-TICOI_-JI;,;ODE_J
$ NCO[- 1 / CCl(T- 1 / NOD[- J

$ ROO_--II_rt-XlCOIrt-_lNOD__J
$ NOD[--t/CONT- I/1_O[- J

$ leOD_,-IICON_-IICOWr-_INOI__,,"

s .oD<!/CoNT:Z,'.,_<.;

$ MOD[ IICON_ IICONT .;INODE J

$ NODI_-Z I_)NT-I/CON'T--.; / NOO_--J

$ NOD[-I/_" CO_r I/NO_Z J

$ _OD_-I/CON_ I7COW1" J_NOD[ J

S k_OD_-IIODRT-IICONT-.;INODE-J

S NODE-%Ir CO-WV IIIK)_E .;

$ HOD[-I/C(_I_ 17colrr .;TNODI__J

$ NK3DE--X/CTT)N_ IZcowT _7NOD_ J

$ NODE-I / COb'T- I/CONT-.;INOD_-3
$ NOD[-I/F CO-NV T/NO_)_ J

s _oo,,-!/c(Srt 17co)rr JTNOD[ J

$ _ODE- _ / CON':-!/COI_-31)_ODE-$
$ NCOE-I/F CO-N_ I/_o_l_ J

$ NOD[-ZlC_KT 17CO_ 37MODE_J
S NCOE-T/F CO-NV I/NOD[ J

$ k'OSE ITcoI_-I/COI,iT-.;I_ODE_.:
$ .ODE !7r com_-l/NOOE-J

$ NODE-I/COW_ Z_CON'_ J_NOO[ J
$ NODE-Z/F CO-NV I/NO_E J

5 HODE-I/F-CONV-I/NOD[-3

8-2-14



UCM2.MG, 0.00L

KRLXCA. 0. 0005

ZMD

BCD 3ARRAy DATA

EJP4D
BCD 3 E.X_CUTZOH

D ZMERSZON X (LS0001

NTH-O

KDIM--[5000

5SSOR

EHD
BCD 3VARIABLES l

KND

8CD 3V_I_L£.S 2

KND
BCD 3OUTPUT CAL.I-_

'I'P RI_F

END

BCD 3END OF DATA

After the input model is created and modified with the remaining input (arrays,
constants, etc), the model is submitted to SINDA.

V. SINPAT

SINPAT is the translator program from SINDA to PATRAN. It works by reading
the SINDA output file and creating two groups of files. The fkst group creates the
element results file (modelname#.els). This file contains the node temperature and
the node number, in one file per time step selected. The other group of fries are used
with conjunction of the original neutral file and calculates the FEM node temperatures
from the SINDA results. The use of this file is shared with finite element codes.
Patran can read both files.

For SINPAT be able to work a modification of the output file is needed. This
modification consists of adding a line with "SINPAT_TIME = (time step number) "
under the "TIME =" line. The following example, illustrates this change.

SINDA OUTPUT EXAMPLE FILE

0.0CI00CE'HY__ 0.0(XXXV.._.4X)C_12,gl'f( 0)-- 0.0000Og+00 "I_BCE( 0)- 0.0Q0_-,+00 ]_X_( 0)- 0,00000FstO0

T 1- -200.00 T 2" -200.00 T 3--200.00 T 4- -2DO.00 T b--_O.0O T 6,--2_0.0D T _- -200.00

T b--200.00 T 9,--200.00 T 10- 70. 'm T 11- "PO.00 T I2- "10.00 T L_ 70.00 T 14- 9D.0D

T 15- _O.00 T 16- 70.00 T 19- _.O0 T 1D- _._ T 19- UD.00 T 20- 70.(30 T 2/- 70.00

T 22- 70.00 T _,. 70.00 T 24- R).00 T 25" "_.00 T 26- "D.(D T Z_ "70.00 T 21,.. _0.00

T 29" 70.00 T 30- 90.01) T 31- _0.00 T _,- 90,00 T .13" "_.O0 T 3_- 70.(D T 35- 70.00

T 36" ";0.00 T 3'7- _.00 T 3_ _.00 T _ 70.00 T 40,, _.nn T 41- 70.00 T 42- _.0O

T 43- _.00 T 44- "_*._O T 45- UO.GO T 416- ";0.00 T 47"- '70. en T 411" 70.00 T 49" 70.00
T 50- _.00 T 51-- 70.00 T _- "J0.00 T 53- "_.00 T 54- "D.00 T 55," _0.00 T _ _0._

T 5_" _O.00 T 51- _.00 T 59- 10.00 T _- _.00 T _I-- _O. an T _- 70.00 T Q- _0.0O

T _- _0.OO T _- _.OO T _ _0.00 T _ _.0O T _- _O.O0 T 0" _0.00 T 70,- 70.00

T 71- _0.G) T T_. _0.00 T 73- 30. em T _ ?0.00 T 75- 70.00 T 3_- 70.00 T 7"I- _lO0

T 7_- "_.00 T _ _0._0 T I0,- "_.en T II-- '70.00 T _ _.OO T ID- 70.00 T 14,- XI._

T _ _0.00 T 16- 90. nn T _ 30.00 T _ 70.00 T 19" _0.00 T 90- 70.00 T 91- _.00

T _- _O._0 T 98- _0.00 T _,, 10.00 T _ 90.00 T _ _.00 T 9)- _.00 T _ U0.00

T 99- 70.00 T 1GD- 70.GO T 1DI-- 70.00 T lO_,. 70.00 T 103- _.00 T 104- "R).O0 T 105- 70.00

T 106" _.00 T 10'I- _.00 T _ 30.00 T I0_. _.OO T 12.0- _0.00 T 111- ?0.00 T 112- _).O0

T _ _O.00 T ].14- _.00 T 1/_ _0.0D T 116- _.00 T 11"_', 90.00 T lllW -2D0.00 T LLg- -L_.0O

T 120- -l_.00 T 121---200.00 T L_--w_.00 T LD--2D0.00 T 124- -2_.00 T 125"-2_0. "n T X2_-L_0. m
T L?.'7_ _.00

SDI_T T'_ - L._

T _--L_.00 T 2--200.00 T 3,--1_0.(D T 4,--2D0.00 T 9,"-200.00 T 6--200._ T "_--_00.00

T _--200,00 T 9--2D0.00 T i(3" 57.97 T U- 5_.45 T 12- 57._ T 13- 57.45 T 14- 5&.15

T 15- _.4_ T 16" 5'7.97 T I_- 57.4L% T _ 57.97 T 19- 26.52 T 20" I*6JX T 21- _._
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The contour plot is shown in figure 5. This is created in PATRAN with the result option.
reading the element result file (.els file) created by SINPAT. Appendix A. presents examples
of more complex models used by ED64. the Thermal Analysis Branch.

-., 69 . 7
, |

32.0

-5.82

-_3 .6

.... ":"-_:-'.'_-._t

"7--

-119.

-157.

-195.

VI. PPLOT
Figure 5

PPlot is a general purpose program for creating x-y plots. The program can plot virtually any
data from the database, e.g., results, xyz coordinates, local coordinates, etc. PPlot is
available from the system and through PATRAN. Time history plots are available in
PATRAN when analytical results are post-processed. The advantage of this application is that

data can be input straight from the results file, it can be used without leaving PATRAN. and
the local temperature distribution can be observed. The program is available in the results
option on the PATRAN main menu, and at the x-y plot option. Figure 6 presents an example
of this application where temperature is shown versus distance.
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VII. References

PATRAN Plus User Manual Vol I.
PATRAN Plus User Manual Vol IT.

PAT/SINDA, Application Interface, Release 3.0

VIII. Appendix

The following plots represent some of the model that has been created by
PATRAN, SINPAT and PATSIN.

A. SSME Nozzle to Main Combustion Chamber Joint ((315)

Figure 1 is a color contour plot of the temperature distribution of the G15 Steady
State thermal model generated by Patsin and executed on Sinda code.
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B. SSME High Pressu_ Oxygen Turbopump Ball Bearing

Figure 2 is a color contour plot of the su_ady stau_ uemperamres within a ball
bearing. The contours were adjusted to plot any temperatures above 250 °R as red
to highlight the "hot spots" where the frictional heat is generated. The surfaces are
cooled by heat transfer to the flowing coolant The temperatures were calculated
using the SINDA code.

Co RSRM Case Fieldjoint Insulation

Figure 3 presents the temperatu_ isothermal contour plot from the Sinda model of
the fieldjoint insulation flow analysis. The Sinda model was constructed with
various insulation size flaws in the joint area.

D. External Tank Ice Formation Model

Figure 4 shows the result of temperatures of the Sinda ET ICE model. This model
predicts the ice and frost formation of the ET before launch.
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CHAPTER 8: MODEL GENERATION

SECTION 3: FEM-SINDA Example

I. INTRODUCTION:

The input to S[NDA generally requires tedious hand calculations of nodal capacitances and
conductances. For this reason, Martin Marietta Missile Systems developed a finite element -
finite difference hybrid thermal analysis code known as FEM/SINDA. This is used to
translate finite element models, developed in PATRAN or SUPERTAB, into SINDA or
MITAS finite difference network model.

A FEM/SINDA input deck may be generated fi'om a PATRAN neutral file using the
PATRAN-to-FEM/SINDA translator (see Figure 1). FEM/SINDA can then generate a
SINDA input deck for subsequent finite difference analyses. This deck may be
automatically combined with a SINDA deck (SFILE) that has, for example, arrays defined
for temperature varying thermal properties and time or temperature varying boundary
conditions. The SINDA model can be run as usual to produce temperatures at the finite
element nodes. This will insure, for example, that the temperature field is determined at the
nodes of a coupled stress model. In comparison, a centroidal method would require the
interpolation/extrapolation of the centroidal temperatures to determine the nodal
temperatures and there is always the possibility of misinterpolation and/or error.

FEM/SINDA is also integrated with TRASYS. FEM/SINDA may be used to generate the
necessary input deck, to TRASYS, for view factor and orbital heat flux calculations. A
subsequent TRASYS run will return SINDA radiation conductors. These radiation
conductors will reflect the view factors between the various radiating elements, selected in
PATRAN. Moreover, the radiation conductors lie between finite element nodes and can be
combined with the SINDA deck of thermal conductors, for a system analysis involving
conduction, convection and radiation. The output from FEM/SINDA can be brought back
to PATRAN, for post-processing.
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Nodes
Conductors
Constants

Arrays
Execution
Variables 1
Variables 2

Output Calls
Subroutines

Pre.Processm" File
PATRAN

Neutral File

FEM/SINDA Menu Option 1
Pre-Processor Translate

FEM/SINDA File

Nodes
Elements

Material Properties
Physical Properties

Boundary Conditions

FEM/SINDA Menu Option 2

FEM-_ ( _onversion

with TRASYS Radiation Only
!

' FEM/TRASYS Menu Option 1
FEM/SIN A-TRASYS

Conversion

i
TRASYS Input File

Surfaces
Form Factor Data

Correspondance Data

Operation Data

_SYS Menu Option 2

View Factor_Calculation

Radiation Conductor File ]
I

Finite Diference (SINDA) File ]

FEM/SINDA Menu Option 3
Network Solution

SINDA Output File I

Echo of Inputs I _'_Temperature Printout

r

Post-Processor Results File

PATRAN Nodal Results File

Figure 1: FEM/SINDA File Structure
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II. Example:

A. Statement of the Problem:

Consider the piece of hardware shown in figure 2. The component is exposed to a

gas, at 70 °F, at one end and at the opposing end is kept at a constant wall

temperature of 200 °F. The piece is made of two materials. The heat transfer

coefficient between the gas and the exposed wall piece is 1.0 BTU/ft 2- hr °F. The

thermal conductivity of material-one is 1.0 BTU/hr ft °F and that of material two is

S •

52.1 BTU/hr ft °F.

Schematic:

2,2,-4

material 1

-1,2,-4

I,I,0

constat wall i,o,(
@ -200 °F

-1.-1,-2 material 2

Figure 2: Schematic of the Problem
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C. Given:

lII.

IV.

The following data is given for this problem:

°

2.

.

D. Find

Physical dimensions of the component
Boundary conditions, heat transfer coefficient and left hand wall

temperature.
Material thermal conductivities.

The steady state temperature distribution in the component, using PATRAN and
FEM/SINDA to generate the SINDA model.

FEM Input Deck

Input to FEM/SIN A consists of two separate f'des. One file contains the finite element
data. This file is separated into two basic sections. The first section is the Control Data and
the second section is the Bulk Data. The Bulk Data contains all data necessary to define the

geometry and boundary conditions, while the Control Data defines the problem title,

output requests, etc.

The FEM/SINDA deck can be generated in one of two ways. For very simple models, it is
convenient to manually enter the data using a standard text editor. For most problems,
however, the most efficient and accurate way to create the FEM/SINDA input is with a pre-

processor, such as PATRAN.

The second input file required by FEM/SINDA is a SINDA-formatted file which is refered
to as SFILE. The SFILE is a stripped down SINDA input deck. At the very least, the
SFILE contains constants (such as convergence criteria, etc.) and specifies the solution

type (i.e. transient or steady state). For more complicated analyses, the SFILE gives the
user complete access to all the capabilities of SINDA including properties and boundary
conditions that vary with time or temperature, user written subroutines, etc.

PATRAN Interface:

The PATRAN phase 1 geometry presented in the previous section was used, here.
However, to perform the actual translation of the model, it was necessary to regenerate the

phase 2 of the PATRAN model so that the data is correctly represented in the neutral file.
The following are examples of line commands used for defining different sections of the

phase 2 of the PATRAN model:

A. Nodes:

Nodes are created using the standard GFEG command.

Example: > GFEG,H 1,,2/4/2

The above command generates two nodes in the C1 direction, four nodes in the C2
direction, and two nodes in the C3 direction of hyperpatch number-l, using the

default node type.

B. Elements:

Elements are generated using the standard CFEG command.
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C."

D:

Eo

F:

Example: > CFEG,P1,QUAD,,1

This command generates quad elements on patch 1 and assigns physical property
number-1 to them.

Physical Properties:

Physical properties relate materials (for solid elements) or materials and thicknesses
(for shell elements) to elements. Physical properties are entered using the PROP
command.

Example: > PROP, 1,ADD
enter element type and configuration (i.e. HEX)
> QUAD
enter property data
> 1,0.125

This command adds physical property-1 to the tables. PATRAN prompts for the
type of element and the property data. For solid elements (HEX, WEDGE,
TETRA) only the material ID is entered for property data. Shell elements (QUAD,
TRIA) require material ID and thickness, for property data.

Material Properties:

Material properties are entered using the PMAT command.

Example: > PMAT, 1,TIS, 100.,. 1,.2
> PMAT,2,TAN,50., 100., 150.,. 1,.2,4

The first command creates material number-1, which has a thermal conductivity of
100., a specific heat of 0.1, and a density of 0.2. If conductivity or specific heat are
negative, FEM/SINDA will assume that an array of the same number will be
referenced, as a function of temperature, for that property. For example, if the
conductivity was entered as -100, FEM/SINDA will cause that conductivity to be
interpolated from array 100. The second example creates orthotropic material -2
(using the thermal anisotropic - TAN option) in which Kx, Ky, and Kz are 50.,
100., and 150., respectively, and Cp = 0.1, density = 0.2, and orientation is
def'med by coordinate frame 4. The units for all the above variables must be
consistant with those used to build the geometry.

Boundary Temperatures:

Boundary temperatures are entered using the standard DFEG command.

Example: > DFEG,P 1,TEMP,85.,,ED4
> DFEG,P1,TEMPj3,,ED4

The first command imposes boundary temperatures to the nodes on edge 4 of patch
1. The second command sets up an interpolation from array-3, as a function of time
for the temperature. The The user must input array 3 in the BCD 3 ARRAY DATA
section of the SFILE.

Nodal Heat Sources:
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G:

H:

I:

Nodal heat sources are entered using the standard DFEG command.

Example: > DFEG,P 1,NSRC, 10.8,,ED2
> DFEG,P1,NSRC,/2,,ED 1

The fh'st command imposes nodal heat sources of 10.8 to nodes on edge 2 of patch
1. The second command sets up interpolation of heat source versus time from

array-2.

Heat Fluxes:

Heat fluxes are entered using the standard DFEG command.

Example: > DFEG,P 1,HEAT,4.5,,ED2
> DFEG,H 1,HEAT,/4,,FA4

The first command imposes a per-unit-area heat flux of 4.5 to the edge of patch 1.
The second example applies a per-unit-area heat flux which is interpolated from
array 4 to face 4 of hyperpatch 1. The user must input array-4 in the BCD 3ARRAY
DATA section of the SFILE.

Convection:

Convection is entered using the standard DFEG command.

> DFEG,P 1,CONV,0.7,1000,ED 1
> DFEG,H2,CONV,3.0/1,5000,FA3

The first first command provides for convection, with a per-unit-area coefficient of
0.7, to the edge-1 of patch-1. The edge convects to fluid node 1000. The fourth
field in the second example indicates that convection coefficients will be interpolated
from array-3, as a function of average temperature. Other configuration numbers
are as follows:

0 or blank
1
2
3

H is constant

H evaluated versus (Tsurf+Tfluid)/2
H evaluated versus time.
H evaluated versus ABS(Tsurf-Tfluid)

Radiation:

The PATRAN interface supports both types of radiation. Simple face radiation is
entered using the standard DFEG command.

Example: > DFEG,H 1,RADI,0.,2,FA4

The command applies simple face radiation to face-4 of hyperpatch- 1, as part of
radiation surface set #2. The 0. in the data field indicates that simple radiation is

desired.

To produce FRADT cards (TRASYS radiation), an emissivity greater than 0 must

be specified.

Example: > DFEG,H3,RADI,0.8/0,4,FA2
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Thecommand applies TRASYS radiation to face-2 of hyperpatch-3 with an
emissivity of 0.8. The/(3 will cause 'NO' to be written in field 6 on the FRADT
card, indicating that this face cannot see any other faces of the same radiation set.
The user must enter/1 to cause 'YES' to be entered in field 6.

Appropriate sets of commands from the aforementioned list of examples were used to
generate nodes and to define the boundary conditions for the problem at hand. A PATRAN
neutral file was generated. Option- 1 of the FEM/SINDA interfaces menu was used to read
the PATRAN neutral file and to generate the FEM input deck. Listings of the FEM input
deck and the SFILE are as follows:
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LISTING OF THE FEM INPUT DECK

TITLE-FEM/SINDA EXAMPLE

OUTPUTffiPATRAN, PLOT

ITEMPffiT0

RTEMP--460.

SOLVERffisinda

SFILE-STANDARD_sinda

MINCOND-I.0E-16

BEGIN BULK

$

$ Section i --

$

$

$ Section 2 -- Nodes

NODE 1

NODE 2

NODE 3

NODE 4

NODE 5

NODE 6

NODE 7

NODE 8

NODE 9

NODE i0

NODE ii

NODE 12

NODE 13

NODE 14

NODE 15

NODE 16

NODE 17

NODE 18

NODE 19

NODE 20

NODE 21

NODE 22

NODE 23

NODE 24

NODE 25

NODE 26

NODE 27

NODE 28

NODE 29

NODE 30

NODE 31

NODE 32

NODE 33

NODE 34

NODE 35

NODE 36

NODE 37

NODE 38

NODE 39

NODE 40

NODE 41

NODE 42

NODE 43

NODE 44

NODE 45

NODE 46

NODE 47

NODE 48

Coordinate Systems

0-i.00000-i.00000-2.00000

0 0.00000-1.00000-2.00000

0 1.00000-1.00000-2.00000

0 2.00000-1.00000-2.00000

0-I.00000 0.00000-2.00000

0 0.00000 0.00000-2.00000

0 1.00000 0.00000-2.00000

0 2.00000 0.00000-2.00000

0-1.00000 1.00000-2.00000

0 0.00000 1.00000-2.00000

0 1.00000 1.00000-2.00000

0 2.00000 1.00000-2.00000

0-i.00000 2.00000-2.00000

0 0.00000 2.00000-2.00000

0 1.00000 2.00000-2.00000

0 2.00000 2.00000-2.00000

0-0.66667-0.66667-1.33333

0 0.11111-0.66667-1.33333

0 0.88889-0.66667-1.33333

0 1.66667-0.66667-1.33333

0-0.66667 0.11111-1.33333

0 0.iiiii 0.11111-1.33333

0 0.88889 0.11111-1.33333

0 1.66667 0.11111-1.33333

0-0.66667 0.88889-1.33333

0 0.iiiii 0.88889-1.33333

0 0.88889 0.88889-1.33333

0 1.66667 0.88889-1.33333

0-0.66667 1.66667-1.33333

0 0.IIiii 1.66667-1.33333

0 0.88889 1.66667-1.33333

0 1.66667 1.66667-1.33333

0-0.33333-0.33333-0.66667

0 0.22222-0.33333-0.66667

0 0.77778-0.33333-0.66667

0 1.33333-0.33333-0.66667

0-0.33333 0.22222-0.66667

0 0.22222 0.22222-0.66667

0 0.77778 0.22222-0.66667

0 1.33333 0.22222-0.66667

0-0.33333 0.77778-0.66667

0 0.22222 0.77778-0.66667

0 0.77778 0.77778-0.66667

0 1.33333 0.77778-0.66667

0-0.33333 1.33333-0.66667

0 0.22222 1.33333-0.66667

0 0.77778 1.33333-0.66667

0 1.33333 1.33333-0.66667
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NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

NODE

49

5O

51

52

53

54

55

56

57

58

59"

60

61

62

63

64

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

I00

I01

102

103

104

105

106

107

108

109

ii0

iii

112

113

114

115

116

117

1.18

119

120

121

122

123

124

125

126

127

128

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 1

0-I

0-I

0-I

0-I

0 0

0 0

0 0

0 0

0 1

0 1

0 1

0 1

0 2

0 2

0 2

0.00000

0.33333

0.66667

1.00000

0.00000

0.33333

0.66667

1.00000

0.00000

0.33333

0.66667 0

1.00000 0

0.00000 1

0.33333 1

0 66667 1

00000 1

00000-1

00000 0

0.00000 0.00000

0.00000 0.00000

0.00000 0.00000

0.00000 0.00000

0.33333 0.00000

0 33333 0.00000

0 33333 0.00000

0 33333 0.00000

0 66667 0.00000

0 66667 0.00000

66667 0.00000

66667 0.00000

00000 0.00000

00000 0.00000

00000 0.00000

00000 0.00000

00000-2.66667

00000-2.66667

00000 1.00000-2.66667

00000 2.00000-2.66667

00000-1.00000-2.66667

00000 0.00000-2.66667

00000 1.00000-2.66667

00000 2.00000-2.66667

00000-1.00000-2.66667

00000 0.00000-2.66667

00000 1.00000-2.66667

00000 2.00000-2.66667

00000-1.00000-2.66667

00000 0.00000-2.66667

00000 1.00000-2.66667

0 2.00000 2.00000-2.66667

0-i.00000-i.00000-3.33333

0-1.00000 0.00000-3 33333

0-1.00000 1.00000-3 33333

0-1.00000 2.00000-3 33333

0 0.00000-1.00000-3 33333

0 0.00000 0.00000-3 33333

0 0.00000 1.00000-3 33333

0 0.00000 2.00000-3 33333

0 1.00000-1.00000-3 33333

0 1.00000 0.00000-3 33333

0 1.00000 1.00000-3 33333

0 1.00000 2.00000-3 33333

0 2.00000-1.00000-3 33333

0 2.00000 0.00000-3 33333

0 2.00000 1.00000-3 33333

0 2.00000 2.00000-3 33333

0-1.00000-1.00000-4 00000

0-I.00000 0.00000-4 00000

0-I.00000 1.00000-4.00000

0-i.00000 2.00000-4.00000

0 0.00000-1.00000-4.00000

0 0.00000 0.00000-4.00000

0 0.00000 1.00000-4.00000

0 0.00000 2.00000-4.00000

0 1.00000-1.00000-4.00000

0 1.00000 0.00000-4.00000

0 1.00000 1.00000-4.00000

0 1.00000 2.00000-4.00000

0 2.00000-1.00000-4.00000

0 2.00000 0.00000-4.00000

0 2.00000 1.00000-4.00000

0 2.00000 2.00000-4.00000
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FNODE i000

$

$

$ Section 4 -- Material Properties

$

$mati*

$

Smato*

$+m

$

MATI*

MATI*

$

$

$ Section 5 -- Physical Properties

$

PSOLID* I

PSOLID* 2

$

$

$ Section 6 -- Elements

$

BRICK 1

+ 22

BRICK 2

+ 23

BRICK 3

+ 24

BRICK 4

+ 26

BRICK 5

+ 27

BRICK 6

+ 28

BRICK 7

+ 30

BRICK 8

+ 31

BRICK 9

+ 32

BRICK i0

+ 38

BRICK ii

+ 39

BRICK 12

+ 40

BRICK 13

+ 42

BRICK 14

+ 43

BRICK 15

+ 44

BRICK 16

+ 46

BRICK 17

+ 47

BRICK 18

+ 48

BRICK 19

+ 54

BRICK 20

÷ 55

BRICK 21

÷ 56

mid k rho cp

mid kx ky kz

rho cp cid

1 0.100000000E+Ol 0.200000003E+00 0.100000001E+00

2 0.520999985E+02 0.200000003E+00 0.100000001E+00

1 1 2 6 5 17 18+

21

1 2 3 7 6 18 19+

22

1 3 4 8 7 19 20+

23

1 5 6 I0 9 21 22+

25

1 6 7 ii I0 22 23÷

26

1 7 8 12 Ii 23 24+

27

1 9 I0 14 13 25 26+

29

1 i0 Ii 15 14 26 27+

30

i II 12 16 15 27 28+

31

.I 17 18 22 21 33 34+

37

1 18 19 23 22 34 35+

38

1 19 20 24 23 35 36+

39

1 21 22 26 25 37 38÷

41

1 22 23 27 26 38 39+

42

i 23 24 28 27 39 40+

43

1 25 26 30 29 41 42+

45

1 26 27 31 30 42 43+

46

1 27 28 32 31 43 44+

47

1 33 34 38 37 49 50+

53

1 34 35 39 38 50 51+

54

i 35 36 40 39 51 52+

55

+m
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BRICK

+

BRICK

+

BRICK

+

BRICK

÷

BRICK

+

BRICK

+

BRICK

÷

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

÷

BRICK

+

BRICK

+

BRICK

÷

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

+

BRICK

÷

BRICK

+

BRICK

+

22

58

23

59

24

60

25

62

26

63

27

64

28

86

29

87

30

88

31

90

32

91

33

92

34

94

35

95

36

96

37

102

38

103

39

104

4O

106

41

107

42

108

43

110

44

III

45

112

46

118

47

119

48

120

49

122

50

123

51

124

52

126

53

127

1

57

1

58

1

59

1

61

1

62

1

63

2

85

2

86

2

87

2

89

2

90

2

91

2

93

2

94

2

95

2

i01

2

102

2

103

2

105

2

106

2

107

2

109

2

ii0

2

III

2

117

2

118

2

119

2

121

2

122

2

123

2

125

2

126

37

38

39

41

42

43

1

5

9

2

6

i0

3

7

II

81

82

83

85

86

87

89

90

91

97

98

99

i01

102

103

105

106

38

39

40

42

43

44

5

9

13

6

i0

14

7

ii

15

82

83

84

86

87

88

9O

91

92

98

99

i00

102

103

104

106

107

42

43

44

46

47

48

6

i0

14

7

Ii

15

8

12

16

86

87

88

90

91

92

94

95

96

102

103

104

106

107

108

II0

iii

41

42

43

45

46

47

2

6

i0

3

7

ii

4

8

12

85

86

87

89

90

91

93

94

95

i01

102

103

105

106

107

109

Ii0

53

54

55

57

58

59

81

82

83

85

86

87

89

90

91

97

98

99

i01

102

103

105

106

107

113

114

115

117

118

119

121

122

54+

55+

56+

58+

59+

60+

82+

83+

84+

86+

87+

88+

90+

91+

92+

98+

99+

I00+

102+

103+

104+

106+

107+

108+

114+

115+

116+

118+

119+

120+

122+

123+
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BRICK 54 2 107

+ 128 127

$

$

$ Section 7 -- Boundary Conditions

$

$ Loads

$

$

$

$

$ Convection

$

$

FCNVEC T 46,

FCNVECT 47,

FCNVECT 48,

FCNVECT 49,

FCNVECT 50,

FCNVECT 51,

FCNVECT 52,

FCNVECT 53,

F INVECT 54,

$

$ Radiation

S

$

$

$

$ Restraints

TEMP *

TEMP*

TEMP*

TEMP*

TEMP*

TEMP*

TEMP*

TEMP*

TEMP"

TEMP"

TEMP*

TEMP*

TEMP*

TEMP"

TEMP*

TEMP*

108

2, 0 100000000E+01

2, 0 100000000E+01

2, 0 I00000000E+01

2, 0 IO0000000E+OI

2, 0 100000000E+01

2, 0 100000000E+OI

2, 0.100000000E+01

2, 0.100000000E+01

2, 0.100000000E+01,

49 -0.2000000E+03

50 -0.2000000E+03

51 -0.2000000E+03

52 -0.2000000E+03

53 -0.2000000E+03

54 -0.2000000E+03

55 -0.2000000E+03

56 -0.2000000E+03

57 -0.2000000E+03

58 -0.2000000E+03

59 -0.2000000E+03

60 -0.2000000E+03

61 -0.2000000E+03

62 -0.2000000E+03

63 -0.2000000E+03

64 -0.2000000E+03

112 Iii

i000

i000

i000

i000

I000

I000

I000

I000

i000

123 124+
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k

LISTING OF THE SFILE

HEADER CONTROL DATA, GLOBAL

C ...............................................................................

C Data from SFILE:

TIMEO - 0. $ STARTING TIME

TIMEND - 0. $ STOP TIME

NLOOPS - 2000 $ MAX RELAXATION ITERATIONS

SIGMA - 3.303E-15 $ STEPHAN-BOLTZMAN CONSTANT (ASSUMING IN, BTU, R, SEC)

ABSZRO - -460. $ ABSOLUTE ZERO (F)

C ...............................................................................

HEADER CONTROL DATA, FEMSINDA

C ...............................................................................

C Data from SFILE:

ARLXCA - 0.01 $ MAX ARITHMETIC TEMP CHANGE PER ITERATION

DRLXCA m 0.01 $ MAX DIFFUSION TEMP CHANGE PER ITERATION

EBALSA - 0.01 $ ENERGY BALANCE

DTIMEH - 1.0E+30 $ MAXIMUM ALLOWABLE TIME STEP

OUTPUT * 0.0 $ PRINT INTERVAL

C ...............................................................................

HEADER OPERATION DATA

BUILD SINDA85, FEMSINDA

C ...............................................................................

C Data from SFILE:

CALL STDSTL

C CALL FWDBCK

END OF DATA

V. FEM/SINDA File

Option-2 of the FEM/SINDA interface menu was used to generate the SINDA input deck.
Using this option, the program prompts the user for the names of the FEM input file and
the SINDA outout file. The following is a listing of the SINDA file generated by
FEM/SINDA.
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HEADER OPTIONS DATA

TITLE FEM/SINDA EXAMPLE

MODEL - SINDA85

HEADER NODE DATA, FEMSINDA

i,

2,

3,

4,

5,

6,

7,

8,

9,

i0,

II,

12,

13,

14,

15,

16,

17,

18,

19,

20,

21,

22,

23,

24,

25,

26,

27,

28,

29,

30,

31,

32,

33,

34,

35,

36,

37,

38,

39,

40,

41,

42,

43,

44,

45,

46,

47,

48,

-49,

-50,

-51,

-52,

-53,

-54,

-55,

-56,

-57,

LISTING

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

7O.O0000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00O0O,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

70.00000,

7O.00O00,

70.00000,

70.00000,

70.00000,

70.00O00,

70.00000,

70.00000,

70.00000,

70.O0000,

70.00000,

70.O0000,

70.00000,

70.0OO00,

70.0000D,

70.00000,

70.00000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

OF THE FEM/SINDA DECK

3.100154947E-03

6.200309894E-03

6.200309894E-03

3.100154947E-03

6.200309894E-03

1.240061979E-02

1.240061979E-02

6.200309894E-03

6.200309894E-03

1.240061979E-02

1.240061979E-02

6.200309894E-03

3.100154947E-03

6.200309894E-03

6.200309894E-03

3.100154947E-03

2.043897136E-03

4.087797976E-03

4.087797976E-03

2o043897136E-03

4.087797976E-03

8.175603359E-03

8.175603359E-03

4.087797976E-03

4.087797976E-03

8.175603359E-03

8.175603359E-03

4.087797976E-03

2.043897136E-03

4.087797976E-03

4.087797976E-03

2.043897136E-03

1.056223037E-03

2.112460890E-03

2.112460890E-03

1.056223037E-03

2.112460890E-03

4.224951409E-03

4.224951409E-03

2.112460890E-03

2.112460890E-03

4.224951409E-03

4.224951409E-03

2.112460890E-03

1.056223037E-03

2.112460890E-03

2.112460890E-03

1.056223037E-03

-I.000000000E+00

-I.000000000E+00

-I.000000000E+00

-I.00000000OE+00

-I.000000000E+00

-I.000000000E+00

-I.000000000E+00

-I.000000000E+00

-I.000000000E+00
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HEADER CONDUCTOR

C

C ... Conductors

C

-58,

-59,

-60,

-61,

-62,

-63,

-64

81

82

83

84

85

86

87

88

89

9O

91,

92,

93,

94,

95,

96,

97,

98,

99,

I00,

i01,

102,

103,

104,

105,

106,

107,

108,

109,

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

-I000,

DATA, FEMS INDA

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000,

-200.0000

70.00000

70.00000

70 00000

70 00000

70 00000

70 00000

70 00000

70 00000

70 00000

70 00000

70 00000

70 00000

70 00000,

70 00000,

7000000,

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000,

70.00000,

70.00000,

70.00000,

70.00000

70.00000

70.00000

70.00O00

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70.00000

70 00000

70 00000

70 00000

70 00000,

70 00000,

70 00000,

I, i, 2,

2, I, 5,

3, i, 6,

4, i, 17,

1.00000E+00

I.O0000E+O0

1.00000E+00

1.00000E+00

-I.000000000E+00

-I.000000000E+00

-I.000000000E+00

-I.000000000E+00

-1.000000000E+O0

-1.000000000E+00

-I.000000000E+O0

3.333325083E-03

6.666650167E-03

6.666650167E-03

3.333325083E-03

6.666650167E-03

1.333330033E-02

1 333330033E-02

6 666650167E-03

6 666650167E-03

1 333330033E-02

i 333330033E-02

6 666650167E-03

3 333325083E-03

6 666650167E-03

6 666650167E-03

3 333325083E-05

3 333325083E-03

6 666650167E-03

6.666650167E-03

3.333325083E-03

6.666650167E-03

1.333330033E-02

1.333330033E-02

6.666650167E-03

6.666650167E-03

1.333330033E-02

1.333330033E-02

6.666650167E-03

3.333325083E-03

6.666650167E-03

6.666650167E-03

3.333325083E-03

1.666675042E-03

3.333350083E-03

3.333350083E-03

1.666675042E-03

3.333350083E-03

6.666700167E-03

6.666700167E-03

3.333350083E-03

3.333350083E-03

6.666700167E-03

6.666700167E-03

3.333350083E-03

1.666675042E-03

3.333350083E-03

3.333350083E-03

1.666675042E-03

-I.000000000E+00

* 5.896942713E+00

t 5.896942713E+00

-3.483145727E-01

* 1.820986574E-01
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5#

6,

7,

8,

9,

i0,

ii,

12,

13,

14,

15,

16,

17,

18,

19,

20,

21,

22,

23,

24,

25,

26,

27,

28,

29,

30,

31,

32,

33,

34,

35,

36,

37,

38,

39,

40,

41,

42,

43,

44,

45,

46,

47,

48,

49,

5O

51

52

53

54

55

56

57

58

59

60,

61,

62,

63,

64,

65,

66,

67,

68,

i#

i,

i,

I,

i,

2,

2,

2,

2,

2,

2,

2,

2,

2,

2,

2,

2,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

4,

4,

4,

4,

4,

4,

4,

4,

5,

5,

5,

5,

5,

5,

5,

5,

5,

5,

5,

6,

6,

6,

6,

6,

6,

6,

6,

6,

6,

6,

6,

6,

6,

7,

7,

18,

21,

81,

82,

85,

3,

5,

6,

7,

17,

18,

19,

22,

81,

85,

86,

89,

4,

6,

7,

8,

18,

19,

20,

23,

85,

89,

90,

93,

7,

8,

19,

20,

24,

89,

93,

94,

6,

9,

10,

17,

21,

22,

25,

81,

82,

83,

86,

7,

9,

10,

11,

18

21

22

23

26

82

85

86

87

90,

8,

10,

1.00000E+00

1.00000E+00

5.21000E+01

5.21000E+01

5.21000E+01

1.00000E+00

1.00000E+00

1.00000E+00

1.00000g+O0

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

5.21000E+01

5.21000E+01

5 21000E+01

5 21000E+01

1 00000E+00

100000E+O0

1 O0000E+O0

1 00000E+00

1 00000E+00

1 0000¢E+00

1 00000E+00

1 00000E+00

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+O0

Io00000E+O0

5.21000E+01

5.21000E+01

5.21000E+01

1.00000E+00

1.00000E+O0

1.00000E+00

1 00000E+00

1 00000E+00

1 00000E+00

1 00000E+00

5 21000E+OI

5 21000E+01

5 21000E+Ol

5.21000E+01

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+O0

1.00000E+00

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

1.00000E+O0

I.O0000E+O0

* -1.928936343E-02

* -1.928936343E-02

2.499987500E-01

* 6.249968750E-02

* 6.249968750E-02

* 5.884597343E+00

* -3.826072956E-01

t 1.177536737E+01

* -3.678614297E-01

* 1.288567477E-01

* 3.827153704E-01

* 5.169734954E-02

* -4.475141204E-02

* 6.249968750E-02

* 4.999975000E-01

* 1.249993750E-01

* 6.249968750E-02

* 5.896942713E+00

" -3.678614297E-01

* 1.177536737E+01

" -3.826072956E-01

* 5.169734954E-02

" 3.827153704E-01

* 1.288567477E-01

* -4.475141204E-02

* 6.249968750E-02

* 4.999975000E-01

* 1.249993750E-01

* 6 249968750E-02

" -3 483145727E-01

5 896942713E+00

* -I 928936343E-02

* 1 820986574E-01

* -I 928936343E-02

* 6 249968750E-02

* 2 499987500E-01

* 6.249968750E-02

* 1.177536737E+01

* 5.884597343E+00

* -3.678614297E-01

* 1.288567477E-01

* 3.827153704E-01

* -4.475141204E-02

" 5.169734954E-02

* 6.249968750E-02

* 4.999975000E-01

t 6.249968750E-02

* 1.249993750E-01

* 1.175067663E+01

* -3.678614297E-01

* 1.175067663E+01

* -3.702619252E-01

* 2.515408102E-01

* 2 515408102E-01

* 8 024668519E-01

* 9 722201389E-02

* 9 722201389E-02

* i 249993750E-01

* I 249993750E-01

* 9.999950000E-01

* 1.249993750E-01

* 1.249993750E-01

* 1.177536737E+01

* -3.702619252E-01
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69,

70,

71,

72,

73,

74,

75,

76,

77,

78,

79,

80,

81,

82,

83,

84,

85,

86,

87,

88,

89,

90,

91,

92,

93,

94,

95,

96,

97,

98,

99,

I00,

i01,

102,

103,

104,

105,

106,

107,

108,

109,

ii0,

iii,

112,

113,

114,

115,

116,

117,

118,

119,

120,

121,

122,

123,

124,

125,

126,

127,

128,

129,

130,

131,

132,

7#

7,

7,

7,

7,

7,

7,

7,

7,

7,

7,

7,

8,

8,

8,

8,

8,

8,

8,

8,

8,

8,

9,

9,

9,

9,

9,

9,

9,

9,

9,

9,

9,

i0,

i0,

I0,

I0,

i0,

I0,

i0,

I0,

I0,

i0,

I0,

i0,

I0,

i0,

ii,

Ii,

ii,

II,

ii,

II,

Ii,

ii,

II,

ii,

ii,

ii,

II,

Ii,

12,

12,

12,

ii, 1.00000E+00 * 1.175067663E+01

12, 1.00000E+00 * -3.678614297E-01

19, I.O0000E+O0 * 2.515408102E-01

22, I.O0000E+O0 * 9.722201389E-02

23, I.O0000E+O0 * 8.024668519E-01

24, 1.00000E+00 * 2.515408102E-01

27, 1.00000E+00 * 9.722201389E-02

86, 5.21000E+01 * 1.249993750E-01

89, 5.21000E+01 * 1.249993750E-01

90, 5.21000E+01 * 9.999950000E-01

91, 5.21000E+01 * 1.249993750E-01

94, 5.21000E+01 * 1.249993750E-01

II, I.O0000E+O0 * -3.678614297E-01

12, 1.00000E+00 * 5.884597343E+00

20, 1.00000E+O0 * 1.288567477E-01

23, I.O0000E+O0 * -4.475141204E-02

24, 1.00000E+O0 * 3.827153704E-01

28, I.O0000E+O0 * 5.169734954E-02

90, 5.21000E+01 * 1.249993750E-01

93, 5.21000E+01 * 6.249968750E-02

94, 5.21000E+01 * 4.999975000E-01

95, 5.21000E+01 * 6.249968750E-02

I0, I.O0000E+O0 * 1.177536737E+01

13, I.O0000E+O0 * 5.896942713E+00

14, I.O0000E+O0 * -3.826072956E-01

21, I.O0000E+O0 * 5.169734954E-02

25, I.O0000E+O0 * 3.827153704E-01

26, I.O0000E+O0 * -4.475141204E-02

29, I.O0000E+O0 * 1.288567477E-01

82, 5.21000E+01 * 6.249968750E-02

83, 5.21000E+01 * 4.999975000E-01

84, 5.21000E+01 * 6.249968750E-02

87, 5.21000E+01 * 1.249993750E-01

II, 1.00000E+00 * 1.175067663E+01

13, I.O0000E+00 * -3.483145727E-01

14, I.O0000E+O0 * 1.177536737E+01

15, I.O0000E+O0 * -3.678614297E-01

22, I.O0000E+O0 * 9.722201389E-02

25, I.O0000E+O0 * 2.515408102E-01

26, I.O0000E+O0 * 8.024668519E-01

27, I.O0000E+O0 * 9.722201389E-02

30, I.O0000E+O0 * 2.515408102E-01

83, 5.21000E+01 * 1.249993750E-01

86, 5.21000E+O1 * 1.249993750E-01

87, 5.21000E+01 * 9.999950000E-01

88, 5.21000E+01 * 1.249993750E-01

91, 5.21000E+01 * 1.249993750E-01

12, I.O0000E+O0 * 1.177536737E+01

14, I.O0000E+O0 * -3.678614297E-01

15, I.O0000E+O0 * 1.177536737E+01

16, I.O0000E+O0 * -3.483145727E-01

23, I.O0000E+O0 * 9.722201389E-02

26, I.O0000E+O0 * 9-722201389E-02

27, 1.00000E+O0 * 8.024668519E-01

28, I.O0000E+O0 * 2.515408102E-01

31, I.O0000E+O0 * 2.515408102E-01

87, 5.21000E+01 * 1.249993750E-01

90, 5.21000E+01 * 1.249993750E-01

91, 5.21000E+01 * 9.999950000E-01

92, 5.21000E+01 * 1.249993750E-01

95, 5.21000E+01 * 1.249993750E-01

15, I.O0000E+O0 * -3.826072956E-01

16, I.O0000E+O0 * 5.896942713E+00

24, I.O0000E+O0 * 5.169734954E-02
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133

134

135

136

137

138

139

140

141

142

143

144

145

146,

147,

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165,

166,

167,

168,

169,

170,

171,

172,

173,

174,

175,

176,

177,

178,

179,

180,

181,

182,

183,

184,

185,

186,

187,

188,

189,

190,

191,

192,

193,

194,

195,

196,

12,

12,

12,

12,

12,

12,

12,

13,

13,

13,

13,

13,

13,

13,

14,

14,

14,

14,

14,

14,

14,

14,

14,

15,

15,

15,

15,

15,

15,

15,

15,

15,

16,

16,

16,

16,

16,

16,

17,

17,

17,

17,

17,

17,

18,

18,

18,

18,

18,

18,

18,

18,

19,

19,

19,

19,

19,

19,

19,

19,

20,

20,

20,

20,

27, 1.00000E+00 , -4.475141204E-02

28, 1.00000E+00 " 3.827153704E-01

32, 1.00000E+00 " 1.288567477E-01

91, 5.21000E+01 " 1.249993750E-01

94, 5.21000E+01 , 6.249968750E-02

95, 5.21000E+01 * 4.999975000E-01

96, 5.21000E+01 * 6.249968750E-02

14, Io00000E+00 * 5 896942713E+00

25, 1.00000E+00 " -i 928936343E-02

29, Io00000E+00 * 1 820986574E-01

30, 1.00000E+00 * -i 928936343E-02

83, 5.21000E+01 " 6 249968750E-02

84, 5.21000E+01 * 2 499987500E-01

88, 5.21000E+01 " 6.249968750E-02

15, 1.00000E+00 " 5.884597343E+00

26, 1.00000E+00 " -4.475141204E-02

29, 1.00000E+00 * 1.288567477E-01

30, 1 00000E+00 * 3.827153704E-01

31, 1 00000E+O0 * 5.169734954E-02

84, 5 21000E+01 * 6.249968750E-02

87, 5 21000E+01 * 1.249993750E-01

88, 5 21000E+01 * 4.999975000E-01

92, 5 21000E+01 * 6.249968750E-0"!

16, 1 00000E+00 " 5.896942713E+00

27, 1 00000E+00 * -4.475141204E-02

30, 1 00000E+00 " 5.169734954E-02

31, 1.00000E+00 * 3.827153704E-01

32, Io00000E+00 " 1.288567477E-01

88, 5.21000E+01 * 6.249968750E-02

91, 5.21000E+01 " 1.249993750E-01

92, 5o21000E+01 * 4 999975000E-01

96, 5.21000E+01 , 6

28, 1.00000E+00 " -I

31, 1.00000E+00 " -i

32, 1.00000E+00 " 1

92, 5.21000E+01 * 6

95, 5.21000E+01 * 6

96, 5.21000E+01 * 2

18, 1.00000E+00 * 2

21, 1.00000E+00 " 2

22, 1 00000E+00 * 7

249968750E-02

928936343E-02

928936343E-02

820986574E-01

249968750E-02

249968750E-02

499987500E-01

716037500E-01

716037500E-01

870268355E-02

33, 1 00000E+00 * 9.567861110E-02

34, 1 00000E+00 * -2.237715278E-02

37, i 00000E+00 * -2.237715278E-02

19, 1 00000E+00 * 2.469125463E-01

21, 1 00000E+00 * 4.628609447E-03

22, 1 00000E+00 * 5.061697222E-01

23, 1.00000E+O0 * 3.549318122E-02

33, 1.00000E+00 * 8.873618057E-02

34, 1.00000E+00 * 2.098780556E-01

35, 1.00000E+00 " 3.009242362E-02

38 1.00000E+00 * -5 092735419E-02

2O

22

23

24

34

35

36

39

23

24

1.00000E+00 * 2

1.00000E+00 * 3

1.00000E+00 * 5

1.00000E+00 " 4

1.00000E+00 " 3

1.00000E+00 * 2

I.O0000E+00 * 8

1.00000E+00 * -5

1.00000E+00 * 7

I.O0000E+O0 * 2

716037500E-01

549318122E-02

061697222E-01

628609447E-03

009242362E-02

098780556E-01

873618057E-02

092735419E-02

870268355E-02

716037500E-01

35, 1.00000E+00 * -2.237715278E-02

36, 1.00000E+00 " 9.567861110E-02
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197,

198,

199,

200,

201,

202,

203,

204

205

206

207

208

209

210

211

212

213

214

215,

216,

217,

218,

219,

220,

221,

222,

223,

224,

225,

226,

227,

228,

229

230

231

232

233

234

235

236

237

238

239

240

241,

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

20,

21,

21,

21,

21,

21,

21,

21,

22,

22,

22

22

22

22

22

22

22

23

23

23

23

23,

23,

23,

23,

23,

24,

24,

24,

24,

24,

24,

25,

25,

25,

25,

25,

25,

25,

26,

26,

26,

26,

26,

26,

26,

26,

26,

27,

27,

27,

27,

27,

27,

27,

27,

27

28

28

28

28

28

28

29

40,

22,

25,

26,

33,

37,

38,

41,

23,

25,

26,

27,

34,

37,

38,

39,

42,

24,

26,

27,

28,

35,

38,

39,

40,

43,

27,

28,

36,

39,

40

44

26

29

30

37

41

42

45

27

29

30,

31,

38,

41,

42,

43,

46,

28,

30,

31,

32,

39,

42,

43,

44,

47,

31,

32,

40,

43,

44,

48,

30,

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

I.O0000E+O0

I O0000E+O0

100000E+O0

1 O0000E+00

1 00000E+00

1 00000E+00

1 00000E+00

1 00000E+00

1 00000E+O0

1 O0000E+O0

1 00000E+00

1 00000E+00

1 00000E+00

1.00000E+00

I.O0000E+O0

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+O0

1.00000E+00

1.00000E+00

1.00000E+O0

1.00000E+00

1.00000E+00

1.00000E+O0

1.00000E+00

1.00000E+00

1.00000E+O0

1.00000E+O0

I.O0000E+O0

1.00000E+O0

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+O0

1.00000E+00

1.00000E+O0

1.00000E+O0

1.00000E+00

1 00000E+O0

1 00000E+00

100000E+O0

1 00000E+00

1 00000E+00

1 00000E+00

1 00000E+00

1 00000E+O0

1 00000E+O0

1 00000E+00

1 O0000E+00

1 O0000E+O0

100000E+O0

* -2.237715278E-02

* 5.061697222E-01

* 2.469125463E-01

* 3.549318122E-02

* 8.873618057E-02

* 2.098780556E-01

* -5.092735419E-02

* 3.009242362E-02

* 4.567881482E-01

3.549318122E-02

* 4.567881482E-01

* 2.932059688E-02

* 1.713001459E-01

* 1.713001459E-01

* 4.567961112E-01

* 5.401263196E-02

* 5.401263196E-02

* 5.061697222E-01

* 2.932059688E-02

* 4.567881482E-01

* 3.549318122E-02

" 1.713001459E-01

" 5.401263196E-02

* 4.567961112E-01

* 1.713001459E-01

* 5.401263196E-02

* 3 549318122E-02

* 2 469125463E-01

* 8 873618057E-02

* -5 092735419E-02

* 2 098780556E-01

* 3 009242362E-02

* 5 061697222E-01

* 2 716037500E-01

* 4 628609447E-03

t 3.009242362E-02

* 2.098780556E-01

* -5.092735419E-02

* 8.873618057E-02

* 4.567881482E-01

7.870268355E-02

* 5.061697222E-01

* 3.549318122E-02

* 5.401263196E-02

* 1.713001459E-01

* 4.567961112E-01

* 5.401263196E-02

* 1.713001459E-01

* 5.061697222E-01

* 3.549318122E-02

" 5.061697222E-01

* 7.870268355E-02

* 5.401263196E-02

* 5.401263196E-02

* 4.567961112E-01

* 1.713001459E-01

* 1.713001459E-01

* 4.628609447E-03

* 2.716037500E-01

* 3.009242362E-02

* -5.092735419E-02

* 2.098780556E-01

* 8.873618057E-02

* 2.716037500E-01
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261

262

263

264

265

266

267

268

269

270,

271

272

273

274

275

276

277

278

279

280

281,

282,

283

284

285

286

287

288

289

290

291,

292

293

294

295

296

297

298

299

3O0

301

302

303

304

3O5

306

307

308

309

310

311

312

313

314

315

316

317

318

319

32O

321

322

323

324

29,

29,

29,

30,

30,

30,

30,

30,

31,

31,

31,

31,

31,

32,

32,

32,

33,

33,

33,

33,

33,

33,

34,

34,

34,

34,

34,

34,

34,

34,

35,

35,

35,

35,

35,

35,

35,

35,

36,

36,

41,

45,

46,

31,

42,

45,

46,

47,

32,

43,

46,

47,

48,

44,

47,

36,

36,

36,

37,

37,

37,

37,

37,

37,

37,

38,

38,

38,

38,

38,

38,

38,

38,

38,

39,

39,

39,

39,

39,

1.00000E+O0

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1.00000E+00

1 O0000E+00

1 00000E+00

1 00000E+O0

1 O0000E+O0

100000E+O0

1 00000E+00

1.00000E+00

I.O0000E+O0

48, 1.00000E+00

34, 1.00000E+O0

37, 1.00000E+00

38, 1.00000E+00

49, 1.00000E+00

50, 1.00000E+00

53, 1.00000E+00

35, 1.00000E+00

37, 1.00000E+00

38, 1.00000E+00

39, 1.00000E+00

49, 1 00000E+00

50, 1 00000E+00

51, 1 00000E+O0

54, I 00000E+O0

36, I 00000E+O0

38, 1 O0000E+O0

39, 1 00000E+00

40, 1 O0000E+00

50, 1 00000E+00

51, 1 00000E+00

52, 1 00000E+00

55 1 00000E+00

39 1.00000E+00

40 1.00000E+00

51 1.00000E+00

52 1.00000E+00

56 1.00000E+00

38 1.00000E+00

41 1.00000E+00

42 1.00000E+00

49, 1.00000E+00

53, 1.00000E+00

54, 1 00000E+00

57, 1 00000E+O0

39, 100000E+00

41, 1 00000E+00

42, 1 00000E+O0

43, 1 00000E+00

50, 1 00000E+00

53, 1 00000E+00

54, 1 00000E+00

55, 1.00000E+00

58, 1.00000E+00

40, 1.00000E+00

42, 1.00000E+00

43, 1.00000E+00

44, 1.00000E+00

51, 1.00000E+O0

* -2.237715278E-02

* 9.567861110E-02

* -2.237715278E-02

* 2.469125463E-01

* -5.092735419E-02

* 8.873618057E-02

* 2°098780556E-01

* 3.009242362E-02

* 2.716037500E-01

* -5.092735419E-02

* 3.009242362E-02

* 2.098780556E-01

* 8.873618057E-02

* -2.237715278E-02

* -2.237715278E-02

* 9.567861110E-02

* 2.716059722E-01

* 2.716059722E-01

* 1.157419375E-01

* 3 394976853E-02

* -1 928964121E-02

* -1 928964121E-02

* 2 469089908E-01

* 4 166697452E-02

* 5 061787223E-01

* 7 253060186E-02

* 5 478258103E-02

* 8 641870371E-02

" 1 465899768E-02

* -4.475111574E-02

* 2.716059722E-01

* 7.253060186E-02

* 5.061787223E-01

* 4.166697452E-02

1.465899768E-02

* 8.641870371E-02

* 5.478258103E-02

* -4.475111574E-02

* 1.157419375E-01

* 2 716059722E-01

" -I 928964121E-02

* 3 394976853E-02

* -i 928964121E-02

t 5 061787223E-01

* 2 469089908E-01

* 7 253060186E-02

* 5.478258103E-02

* 8.641870371E-02

* -4.475111574E-02

1.465899768E-02

" 4.567851482E-01

* 7.253060186E-02

* 4.567851482E-01

* 6.635669213E-02

* 1.033949954E-01

* 1.033949954E-01

* 2.098757407E-01

* 2.314699537E-02

* 2.314699537E-02

* 5.061787223E-01

* 6.635669213E-02

* 4.567851482E-01

* 7.253060186E-02

* 1.033949954E-01

8-3-20



325,

326,

327,

328,

329

330

331

332,

333

334

335

336

337

338

339,

340,

341,

342,

343,

344,

345,

346,

347,

348,

349,

350,

351,

352,

353,

354,

355,

356,

357,

358,

359,

360,

361,

362,

363,

364,

365,

366,

367,

368,

369,

370,

371,

372,

373,

374,

375,

376,

377,

378,

379,

380,

381,

382,

383,

384,

385,

386,

387,

388,

39,

39,

39,

39,

40,

40,

40,

40,

40,

40,

41,

41,

41,

41,

41,

41,

41,

42,

42,

42,

42,

42,

42,

42,

42,

42,

43,

43,

43,

43,

43,

43,

43,

43,

43,

44,

44,

44,

44,

44,

44,

45,

45,

45,

45,

46,

46,

46,

46,

46,

47,

47,

47,

47,

47,

48,

48,

48,

49,

49,

49,

50,

50,

50,

54, 1.00000E+00 * 2.314699537E-02

55, 1.00000E+00 * 2.098757407E-01

56, I.O0000E+O0 * 1.033949954E-01

59, 1.00000E+O0 * 2.314699537E-02

43, I.O0000E+00 * 7.253060186E-02

44, I.O0000E+00 * 2.469089908E-01

52, 1.00000E+00 * 5.478258103E-02

55, 1.00000E+O0 * -4.475111574E-02

56, 1.00000E+00 * 8.641870371E-02

60, 1.00000E+O0 * 1.465899768E-02

42, 1.00000E+00 * 5.061787223E-01

45, 1.00000E+O0 * 2.716059722E-01

46, 1.00000E+00 * 4.166697452E-02

53, 1.00000E+00 * 1.465899768E-02

57, 1.00000E+00 * 8.641870371E-02

58, 1.00000E+O0 * -4.475111574E-02

61, 1.00000E+O0 * 5.478258103E-02

43, 1.00000E+O0 * 4.567851482E-01

45, 1.00000E+00 * 1.157419375E-01

46, 1.00000E+00 * 5.061787223E-01

47, 1.00000E+O0 * 7.253060186E-02

54, 1.00000E+O0 * 2.314699537E-02

57, I.O0000E+O0 * 1.033949954E-01

58, 1.00000E+00 * 2.098757407E-01

59, 1.00000E+O0 * 2.314699537E-02

62, I.O0000E+O0 * 1.033949954E-01

44, 1.00000E+00 * 5.061787223E-01

46, I.O0000E+O0 * 7.253060186E-02

47, I.O0000E+00 * 5.061787223E-01

48, 1.00000E+00 * 1.157419375E-01

55, 1.00000E+00 * 2.314699537E-02

58, 1.00000E+00 * 2.314699537E-02

59, 1.00000E+O0 * 2.098757407E-01

60, 1.00000E+00 * 1.033949954E-01

63, 1.00000E+00 * 1.033949954E-01

47, 1.00000E+00 * 4.166697452E-02

48, 1.00000E+00 * 2.716059722E-01

56, 1.00000E+00 * 1.465899768E-02

59, 1.00000E+O0 * -4.475111574E-02

60, 1.00000E+O0 * 8.641870371E-02

64, 1.00000E+00 * 5.478258103E-02

46, 1.00000E+O0 * 2.716059722E-01

57, 1.00000E+00 * -1.928964121E-02

61, I.O0000E+O0 * 3.394976853E-02

62, 1.00000E+O0 * -1.928964121E-02

47, 1.00000E+00 * 2.469089908E-01

58, I.O0000E+O0 * -4.475111574E-02

61, 1.00000E+00 * 5.478258103E-02

62, 1.00000E+00 * 8.641870371E-02

63, 1.00000E+O0 * 1.465899768E-02

48, 1.00000E+O0 * 2.716059722E-01

59, 1.00000E+00 * -4.475111574E-02

62, 1.00000E+00 * 1.465899768E-02

63, I.O0000E+O0 * 8.641870371E-02

64, 1.00000E+O0 * 5.478258103E-02

60, 1.00000E+00 * -1.928964121E-02

63, 1.00000E+O0 * -1.928964121E-02

64, 1.00000E+O0 * 3.394976853E-02

50, 1.00000E+00 * 1.450614352E-01

53, I.O0000E+00 * 1.450614352E-01

54, 1.00000E+00 * I.I08539159E-01

51, 1.00000E+00 * 1.327126389E-01

53, 1.00000E+O0 * 6.558755786E-02

54, 1.00000E+O0 * 2.716088889E-01
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389,

390,

391,

392,

393,

394,

395,

396,

397

398

399

40O

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417,

418,

419,

420,

421,

422,

423,

424,

425,

426,

427,

428,

429,

430,

431,

432,

433,

434,

435,

436,

437

438

439

440

441

442

443

444

445

446,

447,

448,

449,

450,

451,

452,

50,

51,

51,

51,

51,

52,

52,

53,

53,

53,

54,

54,

54,

54,

55,

55,

55,

55,

56,

56,

57,

57,

57,

58,

58,

58,

58,

59,

59,

59,

59,

60,

60,

61,

62,

63,

81,

81,

81,

81,

81,

81,

82,

82,

82,

82,

82,

82,

82,

82,

83,

83,

83,

83,

83,

83,

83,

83,

84,

84,

84,

84,

84,

85,

55, 1 00000E+O0 * 8.307606098E-02

52, i 00000E+O0 * 1.450614352E-01

54, 1 00000E+O0 * 8.307606098E-02

55, 1 00000E+O0 * 2.716088889E-01

56, 1 00000E+00 * 6.558755786E-02

55, 1 00000E+00 * I.I08539159E-01

56, 1 00000E+00 * 1.450614352E-01

54, 1 00000E+00 * 2.716088889E-01

57, 1 00000E+O0 * 1.327126389E-01

58, 1.00000E+00 * 8.307606098E-02

55, 1.00000E+O0 * 2.469109260E-01

57 1.00000E+00 * 8 307606098E-02

58

59

56

58

59

60

59

1.00000E+O0 * 2

1.00000E+00 * 7

1.00000E+00 * 2

1.00000E+00 * 7

1.00000E+O0 * 2

1.00000E+O0 * 8

I.O0000E+O0 * 8

469109260E-01

793126159E-02

716088889E-01

793126159E-02

469109260E-01

307606098E-02

307606098E-02

60, 1.00000E+00 * 1.327126389E-01

58, 1.00000E+O0 * 2.716088889E-01

61, 1.00000E+00 * 1.450614352E-01

62, 1 00000E+00 * 6.558755786E-02

59, 1 00000E+00 * 2.469109260E-01

61, 1 00000E+00 * IOI08539159E-01

62, 1 00000E+00 * 2.716088889E-01

63, 100000E+00 * 8.307606098E-02

60, I 00000E+00 * 2.716088889E-01

62, 1 00000E+O0 * 8.307606098E-02

63, 100000E+O0 * 2.716088889E-01

64, I O0000E+00 * I.I08539159E-01

63, 1.00000E+00 * 6.558755786E-02

64, 1.00000E+O0 * 1.450614352E-01

62, 1.00000E+00 * 1.450614352E-01

63 1.00000E+O0 * 1 327126389E-01

64 1.00000E+00 * 1 450614352E-01

82 5.21000E+01 * 2 222216667E-01

85 5.21000E+01 * 2 222216667E-01

86 5.21000E+01 * -I 388947917E-02

97 5.21000E+01 * 2 500025000E-01

98 5.21000E+01 * 6.250062501E-02

I01 5.21000E+01 * 6.250062501E-02

83 5.21000E+01 * 2.222216667E-01

85, 5.21000E+01 * -1.388947917E-02

86, 5.21000E+01 * 4.444433333E-01

87, 5.21000E+01 * -1.388947917E-02

97, 5.21000E+01 * 6.250062501E-02

98, 5.21000E+01 * 5.000050001E-01

99, 5.21000E+01 * 6.250062501E-02

102, 5.21000E+01 * 1.250012500E-01

84, 5.21000E+01 * 2.222216667E-01

86, 5.21000E+01 * -1.388947917E-02

87, 5.21000E+01 * 4.444433333E-01

88, 5.21000E+01 * -i 388947917E-02

98, 5.21000E+01 * 6

99, 5.21000E+01 * 5

I00, 5.21000E+01 * 6

103, 5.21000E+01 * 1

87, 5.21000E+01 * -i

88, 5.21000E+01 * 2

99, 5.21000E+01 * 6

I00, 5.21000E+01 * 2

250062501E-02

000050001E-01

250062501E-02

250012500E-01

388947917E-02

222216667E-01

250062501E-02

500025000E-01

104, 5.21000E+01 t 6.250062501E-02

86, 5.21000E+01 * 4.444433333E-01
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453,

454,

455,

456,

457,

458,

459,

460,

461,

462,

463,

464,

465,

466,

467,

468,

469,

470,

471,

472,

473,

474,

475,

476,

477,

478,

479,

480,

481,

482,

483,

484,

485,

486,
487,

488,

489,

490,

491,

492,

493,

494,

495,

496,

497,

498,

499,

500,

501,

502,

503,

504,

505,

506,

507,

508,

509,

510,

511,

512,

513,

514,

515,

516,

85,

85,

85,

85,

85,

85,

86,

86,

86,

86,

86,

86,

86,

86,

86,

87,

87,

87,

87,

87,

87,

87,

87,

87,

88,

88,

88,

88,

88,

88,

89,

89,

89,

89,

89,

89,

89,

90,

90,

90,

90,

90,

90,

90,

90,

90,

91,

91,

91,

91,

91,

91,

91,

91,

91,

92,

92,

92,

92,

92,

92,

93,

93,

93,

89, 5.21000E+01 * 2.222216667E-01

90, 5.21000E+01 * -1.388947917E-02

97, 5.21000E+01 * 6.250062501E-02

i01, 5.21000E+01 * 5.000050001E-01

102, 5.21000E+01 * 1.250012500E-01

105, 5.21000E+01 * 6.250062501E-02

87, 5.21000E+01 * 4.444433333E-01

89, 5.21000E+01 * -1.388947917E-02

90, 5.21000E+01 * 4.444433333E-01

91, 5.21000E+01 * -1.388947917E-02

98, 5.21000E+01 * 1.250012500E-01

i01, 5.21000E+01 * 1.250012500E-01

102, 5.21000E+01 * I.O00010000E+O0

103, 5.21000E+01 * 1.250012500E-01

106, 5.21000E+01 • 1.250012500E-01

88, 5.21000E+01 * 4.444433333E-01

90, 5.21000E+01 * -1.388947917E-02

91, 5.21000E+01 * 4.444433333E-01

92, 5.21000E+01 * -1.388947917E-02

99, 5.21000E+01 " 1.250012500E-01

102, 5.21000E+01 * 1.250012500E-01

103, 5.21000E+01 * 1.000010000E+O0

104, 5.21000E+01 * 1.250012500E-01

107, 5.21000E+01 * 1.250012500E-01

91, 5.21000E+01 " -1.388947917E-02

92, 5.21000E+01 * 2.222216667E-01

I00, 5.21000E+01 " 6.250062501E-02

103, 5.21000E+01 " 1.250012500E-01

104, 5.21000E+01 • 5.000050001E-01

108, 5.21000E+01 * 6.250062501E-02

90, 5.21000E+01 * 4.444433333E-01

93, 5.21000E+01 * 2.222216667E-01

94, 5.21000E+01 * -1.388947917E-02

101, 5.21000E+01 • 6.250062501E-02

I05, 5.21000E+01 " 5.000050001E-01

106, 5.21000E+01 * 1.250012500E-01

109, 5.21000E+01 " 6.250062501E-02

91, 5.21000E+01 • 4.444433333E-01

93, 5.21000E+01 * -1.388947917E-02

94, 5.21000E+01 • 4.444433333E-01

95, 5.21000E+01 * -1.388947917E-02

102, 5.21000E+01 * 1.250012500E-01

105, 5.21000E+01 * 1.250012500E-01

106, 5.21000E+01 " I.O00010000E+00

107, 5.21000E+01 * 1.250012500E-01

Ii0, 5.21000E+01 * 1.250012500E-01

92, 5.21000E+01 " 4.444433333E-01

94, 5.21000E+01 " -1.388947917E-02

95, 5.21000E+01 * 4.444433333E-01

96, 5.21000E+01 * -1.388947917E-02

103, 5.21000E+01 " 1.250012500E-01

106, 5.21000E+01 • 1.250012500E-01

107, 5.21000E+01 * 1.000010000E+00

108, 5.21000E+01 • 1.250012500E-01

III, 5.21000E+01 * 1.250012500E-01

95, 5.21000E+01 * -1.388947917E-02

96, 5.21000E+01 " 2.222216667E-01

104, 5.21000E+01 * 6.250062501E-02

107, 5.21000E+01 • 1.250012500E-01

108, 5.21000E+01 * 5.000050001E-01

112, 5.21000E+01 * 6.250062501E-02

94, 5.21000E+01 * 2.222216667E-01

105, 5.21000E+01 " 6.250062501E-02

109, 5.21000E+01 • 2.500025000E-01
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517,

518,

519,

520,

521

522

523

524

525

526

527

528

529

53O

531

532

533

534

535

536

537

538

539,

540,

541,

542,

543,

544,

545,

546,

547,

548,

549,

550,

551,

552,

553,

554,

555,

556,

557,

558,

559,

560,

561,

562,

563,

564,

565,

566,

567,

568,

569,

570,

571,

572

573

574

575

576

577

578

579

58O

93,

94,

94,

94,

94,

94,

95,

95,

95,

95,

95,

96,

96,

96,

97,

97,

97,

97,

97,

97,

98,

98,

98,

98,

98,

98,

98,

98,

99,

99,

99,

99,

99,

99,

99,

99,

i00

i00

I00

I00

I00

101

i01

i01

i01

101

I01

101

102

102

102

102

102

102

102

102

102

103

103

103

103

103

103

103

II0,

95,

106,

109,

II0,

Iii,

96,

107,

Ii0,

Iii,

112,

108

111

112

98

101

102

113

114

117

99

101

102

103

113

114

115

118

100

102

103,

104

114

115

116

119

103

104

115

116

120

102

105

106

113

117

118

121

103

105

106

107

114

117

118

119,

122,

104,

106,

107,

108,

115,

118,

119,

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

6.250062501E-02

* 2.222216667E-01

* 1.250012500E-01

* 6.250062501E-02

* 5.000050001E-01

* 6.250062501E-02

* 2.222216667E-01

* 1.250012500E-01

* 6.250062501E-02

* 5.000050001E-01

* 6.250062501E-02

* 6.250062501E-02

* 6 250062501E-02

* 2 500025000E-01

* 2 222216667E-01

* 2 222216667E-01

* -I 388947917E-02

* 2 499987500E-01

* 6.249968750E-02

* 6.249968750E-02

* 2.222216667E-01

* -1.388947917E-02

* 4.444433333E-01

* -1.388947917E-02

* 6.249968750E-02

* 4.999975000E-01

* 6.249968750E-02

* 1.249993750E-01

* 2.222216667E-01

-1.388947917E-02

* 4.444433333E-01

* -1.388947917E-02

* 6.249968750E-02

* 4.999975000E-01

6.249968750E-02

t 1.249993750E-01

* -1.388947917E-02

* 2.222216667E-01

6.249968750E-02

* 2.499987500E-01

6 249968750E-02

* 4 444433333E-01

* 2 222216667E-01

* -i 388947917E-02

* 6 249968750E-02

* 4 999975000E-01

- 1.249993750E-01

t 6.249968750E-02

* 4.444433333E-01

* -1.388947917E-02

4.444433333E-01

* -1.388947917E-02

* 1.249993750E-01

* 1.249993750E-01

* 9.999950000E-01

- 1.249993750E-01

1.249993750E-01

4.444433333E-01

t -1.388947917E-02

* 4.444433333E-01

* -1.388947917E-02

* 1.249993750E-01

* 1.249993750E-01

* 9.999950000E-01
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581,

582,

583,

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598,

599,

600,

601,

602,

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

103

103

104

104

104

104

104

104

105

105

105

105

105

105

105,

106,

106,

106,

106,

106,

106,

106

106

106

107

107

107

107

107

107

107

107

107

108

108

108

108

108

108

109

109

109

109

110

110

110

ii0

110,

Iii

111

111

111

111

112

112

112

113

113

113

114

114,

114,

114,

115,

120,

123,

107,

108,

116,

119,

120,

124,

106,

109,

II0,

117,

121,

122,

125

107

109

ii0

iii

118

121

122

123

126

108

ii0

Iii

112

119

122

123

124

127

Iii

112

120

123

124

128

ii0

121

125

126

iii

122

125

126,

127,

112,

123,

126,

127,

128,

124,

127

128

114

117

118

115

117

118

119

116

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E÷01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5 21000E+01

5 21000E+01

5 21000E+OI

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5 21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01

5.21000E+01
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1 249993750E-01

* 1 249993750E-01

" -i 388947917E-02

" 2 222216667E-01

* 6 249968750E-02

* 1 249993750E-01

* 4 999975000E-01

* 6.249968750E-02

* 4.444433333E-01

* 2.222216667E-01

* -1.388947917E-02

* 6.249968750E-02

t 4.999975000E-01

* 1.249993750E-01

* 6.249968750E-02

* 4.444433333E-01

* -1.388947917E-02

* 4.444433333E-01

* -1.388947917E-02

* 1.249993750E-01

* 1.249993750E-01

t 9.999950000E-01

* 1.249993750E-01

* 1.249993750E-01

* 4.444433333E-01

* -1.388947917E-02

* 4.444433333E-01

* -1.388947917E-02

1.249993750E-01

* 1.249993750E-01

* 9.999950000E-01

* 1.249993750E-01

* 1.249993750E-01

* -1.388947917E-02

* 2.222216667E-01

* 6.249968750E-02

* 1.249993750E-01

* 4.999975000E-01

* 6.249968750E-02

* 2.222216667E-01

* 6.249968750E-02

* 2.499987500E-01

* 6.249968750E-02

* 2.222216667E-01

* 1.249993750E-01

* 6.249968750E-02

* 4.999975000E-01

* 6.249968750E-02

* 2.222216667E-01

* 1.249993750E-01

* 6.249968750E-02

" 4.999975000E-01

* 6.249968750E-02

* 6.249968750E-02

* 6.249968750E-02

* 2.499987500E-01

* I.IIII16667E-01

* I.IIII16667E-01

* -6.943854168E-03

* i. Iiii16667E-01

* -6.943854168E-03

* 2.222233333E-01

* -6.943854168E-03

* I.IIII16667E-01



645,

646,

647,

648,

649,

650,

651,

652,

653,

654,

655,

656,

657,

658,

659,

660,

661,

662,

663,

664,

665,

666,

667,

668,

669,

670,

671,

672,

673,

674,

675,

676,

677,

678,

C

115,

115,

115,

116,

116,

117,

117,

117,

118,

118,

118,

118,

119,

119,

119,

119

120

120

121

121

121

122

122

122

122

123

123,

123,

123,

124,

124,

125,

126,

127,

C .°. Convection conductors ...

C

679, 113,

680, 114,

681, 115,

682, 116,

683, 117,

684, 118,

685, 119,

686, 120,

687, 121,

688, 122,

689, 123,

690, 124,

691, 125,

692, 126,

693, 127,

694, 128,

HEADER CONTROL DATA, GLOBAL

118, 5.21000E+01 * -6.943854168E-03

119, 5.21000E+01 * 2.222233333E-01

120, 5.21000E+01 * -6.943854168E-03

119, 5.21000E+01 , -6.943854168E-03

120, 5.21000E+01 * 1.111116667E-01

118, 5.21000E+01 * 2.222233333E-01

121, 5.21000E+01 • I.IIII16667E-01

122, 5.21000E+01 * -6.943854168E-03

119, 5.21000E+01 " 2.222233333E-01

121, 5.21000E+01 * -6.943854168E-03

122, 5.21000E+01 * 2.222233333E-01

123, 5.21000E+01 * -6.943854168E-03

120, 5.21000E+01 * 2.222233333E-01

122, 5.21000E+01 * -6.943854168E-03

123, 5.21000E+01 * 2.222233333E-01

124, 5.21000E+01 * -6.943854168E-03

123, 5.21000E+01 * -6.943854168E-03

124, 5.21000E+01 • I.IIII16667E-01

122, 5.21000E+01 " 2.222233333E-01

125, 5.21000E+01 * 1.111116667E-01

126, 5.21000E+01 " -6.943854168E-03

123 5.21000E+01 • 2.222233333E-01

125 5.21000E+01 * -6.943854168E-03

126 5.21000E+01 * 2.222233333E-01

127 5.21000E+01 * -6.943854168E-03

124 5.21000E+01 * 2.222233333E-01

126 5.21000E+01 * -6.943854168E-03

127 5.21000E+01 " 2.222233333E-01

128 5.21000E+01 * -6.943854168E-03

127 5.21000E+01 * -6.943854168E-03

128, 5.21000E+01 * I.IIII16667E-01

126, 5.21000E+01 " I.IIII16667E-01

127, 5.21000E+01 * I.IIII16667E-01

128, 5.21000E+01 * 1.111116667E-01

I000, 1.00000E+O0 " 2.500000000E-01

I000, 1.00000E+00 • 5.000000000E-01

I000, 1.00000E+00 * 5.000000000E-01

i000, I.O0000E+O0 " 2.500000000E-01

i000, 1.00000E+00 * 5.000000000E-01

I000, 1.00000E+00 * 1.000000000E+00

I000, 1.00000E+00 " 1.000000000E+00

i000, I.O0000E+00 * 5.000000000E-01

i000, I.O0000E+O0 * 5.000000000E-01

i000, 1.00000E+00 * 1.000000000E+00

I000, I.O0000E+O0 " I.O00000000E+O0

I000, 1.00000E+00 * 5.000000000E-01

i000, I.O0000E+O0 * 2.500000000E-01

i000, 1.00000E+00 * 5.000000000E-01

i000, 1.00000E+00 * 5.000000000E-01

I000, 1.00000E+00 • 2.500000000E-01

C ...............................................................................

C Data from SFILE:

TIMEO _ 0. $ STARTING TIME

TIMEND = 0. $ STOP TIME

NLOOPS = 2000 $ MAX RELAXATION ITERATIONS

SIGMA = 3.303E-15 $ STEPHAN-BOLTZMAN CONSTANT (ASSUMING IN,BTU, R, SEC)

ABSZRO = -460. $ ABSOLUTE ZERO (F)

C ...............................................................................

HEADER CONTROL DATA,FEMSINDA

C ...............................................................................
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C Data from SFILE:

ARLXCA - 0.Ol $ MAX ARITHMETIC TEMP CHANGE PER ITERATION

DRLXCA - 0.01 $ MAX DIFFUSION TEMP CHANGE PER ITERATION

EBALSA - 0.01 $ ENERGY BALANCE

DTIMEH - 1.0E+30 $ MAXIMUM ALLOWABLE TIME STEP

OUTPUT - 0.0 $ PRINT INTERVAL

C ...............................................................................

HEADER ARRAY DATA, FEMSINDA

HEADER OPERATION DATA

BUILD SINDA85, FEMSINDA

C ...............................................................................

C Data from SFILE:

CALL STDSTL

C CALL FWDBCK

C ...............................................................................

HEADER VARIABLESI,FEMSINDA

CALL FSGVTEMP('FEMSINDA')

HEADER OUTPUT CALLS,FEMSINDA

F CALL TPRINT('FEMSINDA')

F CALL NROUT(

F &'FEM/SINDA EXAMPLE ')

END OF DATA

As noted in the OUTPUT CALLS block, there is a call to NROUT subroutine, as well as
TPRINT. NROUT creates a nodal result output fffle that is compatible with PATRAN. This

file can be read by PATRAN for post processing of the results. Figure 3 shows the
PATRAN color contour plot of the steady state temperatures for this problem. A fisfing of
the SINDA nodal temperature results is also included on the following pages.
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Figure 3. PATRAN color contour plot of steady state temperature results.

8-3-28

ORIGINAL PAGE

COLOR PHOTOGRAPH





LISTING OF THE SINDA OUTPUT

SYSTEMS

RASA/MARTIN MARIETTA
IMP ROVED NUMERICAL DIFFBRENCING

THERMAL ANALYZER 1905

WITH FLUID INTEGRATOR

SSSSSS$SS

SSSS$SSSSSE

S5S SE

SSS
SSSSSSSS$

SSS

SS SSS

SSSSSSSSSSS

SSSSSSSSS

IIIIIIIIIII

IIIIIIIIIII

III

III

III

III

III

IIIIIIIIIII
IIIIIIIIIII

Hm/
NNI_¢ MNN

KN)mll NNN

NNNNNN NNN

NNN NNN K_[(

NMH _NMM

NNN NMMNN

Nk_N

KHN

DDDDDDDDD

DDDDDDDDDD

DDD DDD

DDD DDD

DDD DDD

DDD DDD

DDD DDD

DDDDDDDDDD

DDDDDDDDD

W I TH SPECIAL GUEST STAR

FF_ FIeF LL U_ U_ IIIIII NN NN TTTTTTT

FF LL UU UU II NNN NN TT

_FFF_ e LL UU UU IX MI/ N NM TT
FF LL UU _J II k'W NRW TT

FF LLLLLLL U_ IIIIII NM MR TT

PROCESSOR EXECUT I OM

VEP.qION.MODIFICATIOM . .. P2.3

MODIFICATION DATE ...... 040190

AAAAAAA

AAAAAAAAA

AAA AAA

A.t,A AAA

AAAAAAAAAAA
fiat, AAA

AAA A._ tt

AAA AAA #t

AAA AAA # 8888808

||888|8||

008 888
088 880

000888888

08| 080

$0| |08

JJ|JJJJ|JS|

|JJJJ|||J

SYSTEMS IMPROVED RRICAL DIFFERENCING ANALYZER '85 (SINDA '15)

F_SINDA EXA_LE

555S5555555

55555555555

555

555

$555555555

555

555

55555555555
5555555555

PAGE

BUILDING MODEL SINDA85 WITH SUEg4ODEL(S) -

FGq.q INDA.

SU_DEL NAME " FEMSINDA

ARLXCA - 1.0O0000E-02 ARLXCC - 1.010O0

CSGFAC - 0.0O0O00E+00 CSC,,MAX " 0.000000E+00

DTIt_M - 1.000O00E+30 DTIM_I - 0.000000E+00

DTHPCC - 0.000000E+00 EBALNA - O.O000OOE+O0

ESUMIS - 0.000000E+OO ESUMOS - 0.000000E+OO

NATMPN - 0 HC(_4AN - 0

_EBALN - 0 HLCOPT - 0

OUTPUT - 0.0000DOE+00

GLOE_qL CONTROL CONSTANTS

ATtiCA - 1.000000E+30 AT_CC - 0.000000E+00

CSGMIN - 0.0000O0E+00 DRI_CA - 1.000000E-02

DTIM_L - 0.000000E+00 DTI/q_U - 0.000000E÷00

EBALNC - 0.000000g+00 EBALSA - 1.000000E-02

EXTLIM - 50.0000 ITHOLD - 10

NCSG_R - 0 NDRLXN - 0

ITEROT - 0 ITERXT - 3

ABSZRO - -460.000

TIMES - 0,0O0000B+O0

1

MODEL - SINDA85

STDSTL

SIGMA - 3.303000E-1S TI_ " 0.O00000B+00 TIM_N - 0.000000E+O0

SYSTEM.q I_RCVED NUNBRICAL DIFFERENCING ANALyzER '85 (SINDA '85)

F_N/S IRDA EXA/_P LE

SUBHODEL NAME - FEM.qlNDA

MAX DIFF DELTA T PER ITER

MAX ARITH DELTA T PER ITER

SYSTEM ENERGY BALANCE

F.MERGY INTO AND OUT Of SYS

MAX NOBAL ENERGY BALANCE

NUMBER OF ITERATIONS

P PtODI_ TIME

CALCULATED ALL, OIlED

DRLXCCI 0)- 1.01000 VS. DRLXCA-- 1.000000E-02

ARLXCCI 0)- 1.01000 VS. ANLXCA-- 1.000000E-02
EBALDC - L.000000E+30 VS. ZBALSA * ESlfl4IS

EBALSA-- 1.000000E-02

ES_4I$ - 0.000000E+00 UUMOS- 0.0000O0E_00

EBALNC( 0)- 0.000O00E+O0 VS. E/mALNA,,, 0.000000E+00
LDOPCT - 0 VS. NLO_S- 2000

Titan 0.000000E+00 VS. TIM_ND-- 0.000000E+00

DIFFUSION NODES IN INPUT NODZ NUMBER ORDER

BACKUP - 0.000000E+00

DRLXCC - 1.01000

DT_CA - i. 000000E+30

ESAL.q C - 1.000000E+30

MAR I_N - 0

NDT_N - 0

_EITR " 0

TI_ND - 0.000000E+00

PAGE 2

- 0.000000£÷00
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T 1- 10.000

T 7- 10.0O0

T 13- 80.000

T 1_l-- 80.000

T 25- 80.000

T 31- l0.000

T 37- 10.000

T 43- 80,000

T 81- 00.000

T IT- l0.000

T 93- 80.000

T 99-- I0.000

T 103- $0.000
T 111- l0.000

T 117- l0.000

T 123- 10.000

T 49- -200.00 T

T $S- -200.00 T

T 61- -200.00 T

_:)DEL - 5TNI_qI5

STD$TL

T 2- 10. 000 T 3- 10.000 T 4- 10.000

T l- 10. 000 T 9- 10. 000 T 10- 80.000

T 14- 80.000 T 13- 10,000 T 1_' 10.000

T 20- 80.000 T 21- 10.000 T 22- 10.000

T 2_" 10.000 T 27- 10.000 T 21- 80,000

T 32- 80. 000 T 33- 10.000 T 34- 80.000

T 31- 10.000 T 39- 10.000 T 40- 10.000

T 44- i0.000 T 45- 10.000 T 46- 10,000

T 12- 10. 000 T 13- i0.000 T 14- i0.000

T 88- I0.000 T lgl,- I0o000 T 90- 10.000

T 94- 00.000 T S$- 10.000 T 96- 10.000

T 100- 10.000 T 101- 10.000 T 102- 10.000
T 10&- I0.000 T 107- 10.000 T 101- I0.000

T 112- |0.000 T 113- II0.000 T 114- 10.000

T 111- e0.000 T 11_1- 10.000 T 120- 10.000

T 124- 80.000 T 125- 10.000 T 126-- 10.000

ARITHI_ZTIC NODES IN ZNPUT NODE KUP_BER ORI)ER

++NO.B÷+

V_ATER MODES IN INPUT NODE _ ORDER

30- -200.00 T 51- -200.00 T 32- -200.00

3&- -200.00 T 57- -200.00 T 30- -200.00

62- -200.00 T &3.- -200.00 T 64- -200.00

BOUNDARY MODES IN IbRUT MODE NUIQER ORC_R
++MON'I_+ +

T 5- 10.000

T 11- 10.000

T 17- 10.000

T 23- 10.000

T 2_1- 10.000

T 35- 10.000

T 41- 10.000

T 47- 10.000

T |S- lO.O00

T 91- I0.000

T 97- lO.O00

T 103- 10.000
T 109-- I0.000

T 113- I0.000

T 121- E0.000

T 127- S0.000

T 53- -200.00

T 59- -200.00

T 1000- 70.000

SYSTY-J_ IMPROVED NVI_RICAL DIFFERENCING A_ALyZER 'IS (SINDA 'IS)

FE_ S Zk'DA EXANP LE

T &- I0. 000

T 12- 00. 000

T 18- 80. 000

T 24- 40.000

T 30- iO.000

T 36- 00.000

T 42- lO.O00

T 48- lO.O00

T 8&- 10.000

T 92- l0. 000

T %8- l0. 000

T 104- 00. 000
T II0-- |0. 000

T 116- |0.000

T 122- 80.000

T 120- l0. 000

T 54- -200.00

T 60- -200.00

PAGE 3

SUW4OOEL HAllE - FEMSlNDA

MAX DIFF DELTA T pER ITER

MAX ARITH DELTA T PER ITER

MAX SYSTEM ENERGY BA/AMDE

ENERGY INTO AND OUT Ote SYS

MAX MODAL ENERGY BALAJklCE

NU14BER OF ITERATIONS

PROBLF.J4 TIME

T 1- 30.962

T 7- 30.450

T 13- 30. 960

T 19- 1.4700

T 2S- 1.4776

T 31- 1.4763
T 37- -E0.341

T 43- -79.362

T 81- 31.229

T 07- 31.075

T 93- 31.220

T 99- 31.624

T 10S- 31.625

T 111- 31,623

T 117- 32.107

T 123- 32.052

T 49-- -200. O0

T 53- -200.00

T 61- -200.00

CALCULATED

DRIXCC ( FEMS 1NDA
ARLXCC '

ZBALSC

ESt_4I 5

FJI/U_IC [ FEMS I h'DA

IEOPCT

TINZN

AL.LOMED

4;--1.953125E-03 VS. DRLXCA- 1.000000E-02

0)- 0.000000E_'00 VS. ARLKCA.- 1,000000E-02

- -3.33139 VS. EBALSA * ESUMI5

EBALSA,- 1. 000000E-02

- 341,090 ES UMOS- 344.455

90)_0.132813 VS. F2SALMA-- 0.000000E+00

- 445 VS. NLOOP S_ 2000

0.000000E+00 VS. TI_4_ND- O.O00000E+O0

DIFFUSION NODES IN INPUT NCOE NUHBER ORDER

T 2- 30.754 T 3-- 30.753 T 4- 30.961 T S- 30.753

T l- 30.752 T 9,* 30.752 T 10- 30.449 T ii- 30.449

T 14-- 30. 751 T 15-" 30.751 T 16- 30.958 T 17- 10.810

T 20- 10.800 T 21- 1.4783 T 22- -11.929 T 23- -11.929

T 26- -11.929 T 27- -11.$30 T 20- 1.47(;3 T 29- 10.800
T 32- 10.10T T 33- -42.96.5 T 34- -E0.541 T 35- -EO. 541

T 31- -79.362 T 39- -79.362 T 40- -E0.341 T 41- -E0.541

T 44-- -_0.542 T 45- -42.9GG T 46- -60.342 T 47- -_0.542

T 82- 31.159 T 03-. 31,158 T 84- 31.227 T 05- 31.159

T 00- 31.157 T 09-. 31.159 T gO- 31.07E T 91- 31.075

T 94- 31 . 158 T 95- 31,1ST T 96- 31.22E T 97- 31.649

T 100- 31.647 T 101- 31.626 T 102- 31.600 T 103- 31.599

T 106,- 31.600 T 107- 31.535 T 108- 31.623 T 109- 31.647

T 112- 31.643 T 113-- 32.119 T 114- 32.106 T 115- 32.106

T 110- 32.093 T 119- 32.093 T 120- 32.105 T 121- 32.106
T 124- 32.104 T 125- 32.118 T 126- 32.10.% T 127- 32.104

ARITHF_TIC NCOE.5 IN INPUT MODE _ ORDER

÷+NON'Z++

HEATER NODES IN INPUT NDOE NUMBER ORDER

T 50- -200.00 T $1- -200.00 T 52- -200.00

T 56- -200.00 T 57- -200.00 T 5|- -200.00

T 62- -200.00 T 63- -200.00 T 64- -200.00

BOU'NOART NODES IN INPUT NODE _ER ORDER
_-+NONE++

T 53- -200.00

T 59- -200.00

T 1000- 70.000

- 3.41090

T 6- 30.450

T 12- 30.751
T 18- 1.4784

T 24- 1.4771

T 30- 1.4768

T 36- -42.966

T 42- -79.362

T 4|0 -42.967
T 06- 31.076

T 92- 31.157

T 91- 31.625

T 104- 31.623

T II_ 31.624

T 116- 32.117

T 122- 32.093

T 128- 32.11G

T 54- -200.00

T 60- -20000
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VI. References:

VII.

FEM/SINDA User's Manual, Version 2.0, June 1989.

Appendix

The following are some applications for which PATRAN and FEM/SINDA were used to
generate detailed SINDA models.

A. AMCC Handling Fixture:

To investigate a potential thermal problem associated with retaining the alternate
combustion chamber (AMCC) casting, a detailed SINDA model was developed.
The model represented a 1/16 pie section of the AMCC handling fixture. Figure 4 is
PATRAN color contour plot of the steady state temperature results for this model.

B. 70 Pound Test Motor Field Joint:

PATRAN and FEM/SINDA were utilized to generate a 2-D model of the 70 pound

test motor (SRM D MSFC 3-2) field joint, with a simulated flaw in the insulation
seal. This model is used to predict the gas cavity and the wall temperatures near the
O-ring seals. A snap shot of the temperature profile of this model, (5. seconds after
ignition), is shown in Figure 5.
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Figure 4:
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PATRAN color contour plot of AMCC handling fixture.
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Figure 5: PATRAN color contour plot of 70 pound test motor 2-D model.
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APPENDIX A: RUN PROCEDURES

A. Resources

The computing resources available are Macintosh Desk-top computers, IBM PC
computers, a VAX 11/785, an IBM 3084..QX Front End Processor and a CRAY
X-MP/416 High Speed Vector Processor. The mainframes may be accessed from all PCs

and Macintoshes. The following information is intended to briefly describe the steps
necessary to run SINDA and TRASYS on these computers. For the Macintosh and the
PCs it is assumed that the software is already loded on the computer.

A. 1 Mac SINDA on the Macintosh

Running SINDA on the Macintosh is permormed mostly using the SindaShell Menu.
Preprocessing, compiling, linking and running the program are all steps that can be
executed from the menu. The following steps will execute the MODEL.SIN input deck
using the SindaShell Menu.

Step 1. Double click on the SindaShell to display the SINDA Control Panel.

Step 2. Single crick on the Preprocessor button and then proceed to open the
SINDA Model called MODEL.SIN in this case.

Step 3.

Step 4.

Single click on the Compiler button and then proceed to open tapc3.for in
the SINDAWORKS folder, in the next menu choose the M,P,V,B,Q,H,
and U for Mac II and then single crick on the Compiler button. TAPE3.APL
will be created. Close the window which has the compiler options.

Single crick on the Link button and then proceed to open the file,
A LINK SCRIPT FOR MAC II. This will create a SINDARUN file. Close
the window that has the link information.

Step 5. Singleclickon theRun Model button.This willexecutetheSINDARUN

applicationprogram.

Step 6. Single click on the Editor button and select the MODEL.OUT file to look at
results.

The SindaShell is configured to run models out of the SINDA:SINDAWORKS folder.

A.2 PC-SINDA on the IBM PC

For the majority of PCs the software for executing PC-SINDA is in the SINDA
subdirectory. To run a model named MODEL.SIN in the SINDA subdirectory, the
following commands are used.

C : \ SII_DA>PC- S INDA

Input File [TAPE5] : MODEL. S IN

Output File [TAPE6 ] : <CR>
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S(:_-_en Wzites [Y] : N

C: \SZNDA>F77L TAPE3

C: \SINDA>LINK TAPE3, SINDA, NUL, SLI+SL2

C :\ S INDA>S INDA

Output willresideinTAPE6 unlessan outputfileisspecified.

A.3 SINDA on the VAX

SINDA models may be run in batch or interactive on the VAX. A model called
MODEL.SIN is run in batch using the following command.

$ @ZFB0: [041001.SINDA]BATCHSIN MODEL

MODEL.SIN isrun interactiveusingthe followingcommand

$ @ZFB0: [041001.SINDA]RUNSIN MODEL

It is recommended that the interactive commands only be used for preprocessing of models

only since running interactive impacts the time to run batch jobs.

A.4 SINDA on the IBM

SINDA on the IBM mainframe may be executed with a menu or with a few lines of JCL
inserted at the beginning of the modeL The menu can be displayed by.copying and
executing the dataset ASDW197.CLIST(SINDIBM). The following ts an example of how
to run the model HBKG197.SINDA.DATA(MODEL) with the use of the menu. The
menus are called up from the TSO command environment (=6) by typeing the member
name of the CLIST.

COMMAND --'>

GASKI SINDA IBM PANEL

USERID "-'> HBKGI97

ACCOUNT ---> 6ED123456789

TIME ---> I00

GASKI SINDA MODEL:

USERID 8.=-> HBKGI97

FILENAME ---> SINDA

TYPE ---> DATA

MEMBER ---> MODEL

GASKI OPTIONS (Y or blank)

SAVINP --->

TDUMP --->

RSO -''>

LODTMP --->

TMERG =-->

RSI =-->

DOUBLE SPACE --->

***PREALLOCATED USER

USERNAME ---> HBKGI97

USER SPECIAL LIBRARY:

USERID m=.>

FILENAME "'->

TYPE -"'>

OUTPUT DATASET NAMES:

USERID ---> HBKGI97

FILENAME ----> SINDA

TYPE =-_> MODEL

INPUT DATASET NAMES:

USERID =-->

FILENAME --->

TYPE --->

(default space TRK 40,20)

FORTRAN FILES***
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USER FORTRAN UNIT SELECTIONS ( Y or blank )

FT21 -,--> FT22 ---> FT23 --->

The following rules apply to using the IBM SINDA panel

1. Time may be entered in hours:minutes:seconds format or in seconds, here it is
enter_xt as 100 seconds.

2. The output dataset must be calaloged.

A.5 SINDA on the CRAY

To run SINDA on the CRAY either a menu or JCL can be used. The menu is contained in

the data,set ASDW197.CLIST(GSINDA87) and it may be copied and executed.

GASKI SINDA UNICOS CRAY PANEL

COMMAND ---> USERID =--> HBKGI97

USER ---> hbkg197

MFL ---> 1.5MW

GASKI SINDA MODEL:

USERID ---> HBKGI97

LIB ---> SINDA

TYPE ---> DATA

MEMBER ---> CHAN

OTHER INPUT DATASETS:

PASS WD ---> hbkg197 CSS ---> CSS3

ACCOUNT ---> 6ED123456789 TIME ---> 0:30:0

USERNAME ---> hbkg197

SPACE: TRK/CYL ---> TRK

PRI ---> 40 SEC ---> 20

DIR ---> 10

OUTPUT DATASET ........ CATALOG --->

USERID ---> USERID ---> HBKGI97

LIB ---> LIB _--> SINDA

TYPE ---> TYPE --_> OUT

TMERG ---> TDUMP --=> SEQ ..s>

OUTPUT ---> CHAN SEQ --->
**LODTMP ---> **SAVINP ..z>

FT23 ---> DF ---> CB FT21 --=> DF ---> CB

FT24 ---> DF ---> CB FT22 =--> DF ---> CB

Compiled Processor Listing (Y or blank) --->

The following rules apply to using the CRAY SINDA panel

1. Tune may be entered in hours:minutes:seconds format or in seconds, here it is
entered as 0 hours, 30 minutes and 0 seconds (0:30:0).

2. The output dataset must be calaloged.

A.6 TRASYS on the VAX
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TRASYSmaybeexecuted on theVAX using thefollowingcommand torun MODEL.INP.

$ @ZFB0: [041001.TRA385]BATCHTRA MODEL

To obtaina node plotthefollowingcommand isused

$ RUN ZFB0: [041001.TRA385]TRASPLOT MODEL.PLT

A.7 TRASYS on the CRAY

The menu for running TRASYS on the CRAY may be copied from
ABAV254.CLIST(TRASYS_

TRASYS VERSION P22 CRAY PANEL

USERID ---> HBKG197COMMAND _-->

MFL ---> 1.5MW ACCOUNT ---> 6ED123456789 CSS ---> CSS3

TIME ---> 0:30:0 USERNAME ---> hbkg197 PASS s.> hbkg197

INPUT PDS: OUTPUT PDS Is da_aset

USERID ----> HBKGI97 USERID ----> HBKG197 (Y or blank)

LIB ---> TRASYS LIB ---> TRASYS

TYPE** _m=> DATA TYPE _* ---> OUT CAT -ms> Y

MODEL --_-> NOTEBK

PP MOD -_-->

P MOD ---'>

RESTART INPUT DATASET: RESTART OUTPUT DATASET:

USERID ---> USERID ---->

LIB ----> LIB --->

TYPE ----> TYPE ---> CAT ---->

OUTPUT: SPACE-( -"'> TRK , ( ---> 40 , =--> 20 , ---> 10 )

The followingrulesapply when using theTRASYSJ panel;

I. Username and Password must be enteredinlower case.

2. Time may be inputinhours:minutes:secondsformator inseconds

3. Iftheoutputdamsct iscatalogedtypeY intheCAT field.

CurrentlyTRASYS does notrun on theIBM Mainframe.
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